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SUMMARY 
This thesis describes an experimental approach to the 
problem of the petrogenesis of the highly undersaturated lavas of basaltic 
kindred, olivine nephelinites, olivine melilite nephelinites, olivine 
melilitites etc. The principal aim of the investigation is to evaluate 
possible mechanisms for the derivation of olivine nephelinite and melilite 
nephelinite magmas by processes of fractional crystallisation of olivine-
rich basanite and nephelinite magmas or by direct partial melting of 
mantle peridotite (pyrolite). The experimental work has involved investi-
gation of phase equilibria and the sequence of crystallisation in three 
complex silicate systems modelled on natural rock compositions. These 
studies have been carried out at pressures ranging from O - 36 kb using 
a piston-cylinder, solid medium, high P-T apparatus. 
A limited number of subsolidus experiments were carried 
out on the olivine nephelinite under dry conditions. Nepheline was not 
detected in any of the subsolidus runs. At very low pressures the olivine 
nephelinite crystallises to an assemblage of olivine+ clinopyroxene + 
plagioclase. With increasing pressure spinel appears and plagioclase 
rapidly diminishes so that at pressures slightly greater than 9 kb it is 
below the levels of detection. The amount of olivine also initially decreases 
with increasing pressure. A subsolidus assemblage of clinopyroxene + 
spinel + mica is stable at pressures of 22. 5 kb and 24. 8 kb, but is replaced 
by garnet+ clinopyroxene ":olivine+ mica at higher pressures. Olivine 
now begins to increase with increasing pressure. Possible mineral 
reactions involved are discussed in detail. 
The olivine nephelinite, picritic nephelinite and olivine 
basanite compositions, chosen for the study of high pressure melting and 
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crystal fractionation relationships, were selected after an examination 
of compositions of basaltic rocks containing xenoliths of ultramafic 
material such as lherzolite, garnet pyroxenite etc. in which the mineral 
assemblages indicate crystallisation at pressures in excess of 8 kb. The 
enclosing magmas are thus inferred to have ascended from depths in 
excess of 25 km without appreciable fractionation. 
In the olivine nephelinite composition (26% normative 
olivine) under anhydrous conditions, olivine is the liquidus phase up to 
18 kb and is joined by clinopyroxene at lower temperatures. At 27 kb, 
clinopyroxene is the liquidus phase and both garnet and clinopyroxene 
occur in runs near the liquidus at 36 kb. A similar sequence is found 
in the picritic nephelinite {36% normative olivine) but olivine persists 
as the liquidus phase up to 27 kb and garnet is the liquidus phase at 
31. 5 kb and 36 kb. Orthopyroxene was not observed in the melting in-
terval of either composition under dry conditions. Olivine is also the 
liquidus phase in the olivine basanite up to pressures around 27 kb. At 
18 kb, olivine and orthopyroxene occur together in runs close to the 
liquidus. The orthopyroxene disappears at lower temperatures, its 
place being taken by aluminous clinopyroxene. Experiments were carried 
out on the olivine and picritic nephelinites in which water added to the 
sample resulted in lowering of the liquidus temperature by 150-250°C 
at pressures of 13. 5 - 27 kb. Under these conditions olivine is the 
liquidus phase up to 18 kb. At pressures of 18-22. 5 kb in the olivine 
nephelinite and 22. 5 - 27 kb in the picritic nephelinite aluminous ortho-
o 
pyroxene is the major near-liquidus phase (at temperatures of 1100 C -
1300 ° C). Minor olivine and garnet accompany the orthopyroxene. 
Electron probe microanalyses of pyroxenes, olivine 
and garnet enable calculation of high pressure fractionation trends for 
ix. 
both the dry and wet melting conditions. While fractionation under dry 
conditions at high pressure may account for some of the variation among 
natural undersaturated magmas, the fractionation trend does not conform 
to the natural chemical variation in the series olivine basanite ~olivine 
nephelinite ~ olivine melilite nephelinite. However the fractionation 
trend at 18 ... 27 kb under "wet" conditions ( P H
20 
< P load } is dominated 
by orthopyroxene and separation of orthopyroxene accompanied initially 
by minor olivine, and at lower temperatures by garnet, produces derivative 
liquids closely matching the olivine nephelinite ~ olivine melilite 
nephelinite series. 
The results provide evidence for development of the 
highly undersaturated olivine and melilite nephelinite lavas by either 
extreme fractionation of picritic magmas or by low degrees of partial 
melting of the mantle at depths of 60 - 100 km. An essential factor in 
their genesis is the presence of small amounts of water so that the magmas 
0 
are produced at temperatures of 150 - 250 C below that required for dry 
magma production. 
1. 
CHAPTER 1. 
INTRODUCTION 
Mineralogy 
Nephelinites and melilite nephelinites represent the most 
undersaturated lavas of basaltic kindred found in nature. Nephelinites 
are characterised mineralogically by the presence of calcium-rich 
clinopyroxene and nepheline as major phases and by the absence of modal 
plagioclase. The nepheline is usually confined to the ground-mass where 
it frequently occurs as small, idiomorphic crystals. The clinopyroxene 
often occurs as two generations, the earlier as relatively large, well 
shaped crystals. Melilite nephelinites have, in addition, melilite present 
as a minor or major phase. The melilite usually occurs as euhedral crystals 
of tabular habit. Olivine is a major constituent in some rock types of 
nephelinitic aspect (e.g. olivine nephelinites, olivine melilite nephelinites, 
ankaratrites, monchiquites, limburgites) and has the same general 
characters as in basalts. It is often present both as a phenocryst and a 
groundmass phase. The common accessory minerals are opaque oxides 
(magnetite and ilmenite), analcime and apatite. Brown-red biotite, 
melanite garnet, brown hornblende and perovskite are rarer constituents. 
Chemical Composition 
Chemically, nephelinites are characterised by low Si02 contents 
( < 45%), moderately high Ti02, Al2o3 and MgO contents and high CaO and 
alkalies. The group is characterised by high normative nepheline contents. 
Minor normative albite or leucite occurs in the more saturated nephelinites 
and olivine nephelinites while in the more undersaturated compositions 
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(including the melilite nephelinites and olivine melilite nephelinites) normative 
nepheline, leucite and larnite are present. 
A feature of these rocks is the occurrence of anorthite and more 
rarely, larnite, in the norms. Modal plagioclase and larnite do not occur 
in natural nephelinites. In those nephelinites in which melilite is absent, 
most of the Cao presumably must be incorporated in the clinopyroxene. 
Some would undoubtedly occur in accessory minerals such as apatite and 
perovskite. Yoder and Tilley (1962) suggested that the normative anorthite 
content of nephelinites was represented in part by some solid solution in 
the nepheline (Bowen, 1912), but mainly by solid solution of Ca-Tschermak's 
molecule in the clinopyroxene. Such an assumption implies that the clino-
pyroxenes from nephelinites and related rocks are characterised by high 
CaO and Al2o 3 contents. Supporting Yoder and Tilley's conclusions are a 
series of analyses of natural clinopyroxenes listed by Tyler and King (1967). 
The clinopyroxenes were separated from rocks belonging to an ijolite-
melteigite - pyroxenite complex and are characterised by high Cao and 
Al2o 3 
contents (i.e., rich in Ca-Tschermak's silicate), also high alkalies 
and acmite contents. 
Classification 
Using a normative classification nephelinites are basalt-like 
rocks without normative albite and typically with olivine, diopside and 
nepheline as major normative minerals. Basanites, on the other hand, are 
basaltic rocks containing normative olivine, albite and nepheline, with 
nepheline > 5% (Green and Ringwood, 1967b). Although modal plagioclase 
cannot be detected in many rocks whose compositions place them close to 
the basanite-nephelinite boundary, small amounts of albite occur in the 
norms. Mineralogically, therefore, the rocks would be classified as 
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nephelinites. However from a normative viewpoint they are still basanites . 
The use of a classification based on the CIPW norm enables the objective 
grouping of analysed nephelinites and basanites, but it creates an artificial 
clarity of classification which is absent from the natural rocks . Also, 
much depends upon the quality of the chemical analyses and whether or not 
post-magmatic or late magmatic changes in oxidation state have occurred. 
Similarly a modal classification, when applied to rocks within the transition 
zone, is often non definitive because of uncertainty in identification of 
groundmass constituents , and because of the presence of common glass 
within the rocks. 
Field Occurrences 
Nephelinites and related rock types occur in two distinctly 
different field associations: -
(a) They occur with alkali olivine basalts and basanites in volcanic 
provinces in both oceanic and continental areas. In the Hawaiian 
province, eruption of these highly undersaturated lavas is character-
istic of a stage of "post-erosional rejuvenation" of some volcanic 
centres (Oahu, West Maui and Kauai ; Macdonald and Katsura, 1964). 
In this province nephelinites do not appear to be associated with the 
main eruptive cycle encompassing the early tholeiitic series to the 
late alkali olivine basalt series. 
Macdonald and Katsura (1964) , summarising J3revious and 
current work, recognised four main stages of volcanic evolution in 
Hawaii. During the first stage, copious quantities of highly fluid , 
tholeiitic magma are poured out resulting in the formation of a great 
chain of shield volcanoes composed almost wholly of thin, extensive 
lava flows. This is followed by a mature stage during which repeated 
collapse of the summits of the shield volcanoes results in the formation 
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of calderas. Volcanic activity then wanes and caps are built over 
the tops of the shields. Eruptions become less frequent and commonly 
more explosive than in the earlier stages. Pyroclastic rocks become 
more abundant and successive lava flows are often separated by local 
erosional unconformities. Lavas belonging to the alkali olivine basalt 
association are extruded. This stage is followed by a prolonged 
period of quiescence and very extensive erosion occurs. It is during 
this final stage that the nephelinitic lavas and pyroclastics are erupted. 
In other provinces, there are as yet no grounds for separation of the 
highly undersaturated nephelinites from associated basanites and 
alkali olivine basalts. 
(b) Nephelinites and melilite nephelinites also occur in association with 
alkaline plutonic rocks and carbonatites. These occurrences are 
restricted to stable continental (cratonic) areas and are not necessarily 
accompanied by major quantities of less undersaturated basaltic magmas. 
The strongest development of alkaline rocks of all types is in the 
African Shield. The alkaline volcanism has generally been confined to areas 
of large scale rift faulting and it appears that there is a connection between 
the two phenomena (King and Sutherland, 1960). The alkaline rocks of 
eastern and central Africa are typically Na20-rich and highly undersaturated. 
However they are often associated with less extreme types such as alkali 
olivine basalts or nepheline basanites on the one hand and saturated syenites 
on the other. Typical rock types include alkali peridotite, pyroxenite, 
melteigite, urtite, ijolite, nephelinite, melilite nephelinite, malignite, 
nepheline syenite, phonolite. A feature of this region is the comparative 
abundance of alkaline plutonic types. Carbonatites are also often closely 
associated. Another feature of many of the African occurrences is a paucity 
of olivine. 
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Nephelinites from the two types of occurrences differ from 
one another in several significant aspects. Type (a) occurrences ("oceanic" 
types) characteristically contain much more normative olivine and less 
normative di opside than type {b) occurrences ("continental" types). The 
latter are often very rich in CaO (10-18 %) and poor in MgO (as low as 5%), 
whereas the former are generally rich in MgO ( > 10%) - sometimes 
markedly so - and reasonably rich in CaO (8-15%). There are also miner-
alogical differences between the "oceanic" and "continental'bccurrences. 
Olivine does not appear in the groundmass of the continental lavas in any 
quantity, if at all (Varne, pers. comm.). However , it is a common 
constituent of most "oceanic" types. Also diopside is much more abundant 
in the former than the latter. Practically every one of the 72 analyses 
listed in Table 1 are of inclusion-bearing host rocks from type (a) occur-
rences. The olivine melilitites from the Rhine Graben are examples of 
type {b) occurrences but it appears that inclusion-bearing "continental" 
lavas are very much rarer than inclusion-bearing "oceanic" types. 
Previous Hypotheses concerning the Origin of Nephelinites 
None of the usually invoked schemes of fractional crystallisation 
from basalt appear capable of yielding such strongly undersaturated alkaline 
rocks in the quantities that occur in many continental regions ( especially 
Africa). In some parts of continents rocks of this type are developed on 
a large scale but with little associated basalt. The disparity in the volume 
relationship suggests that a derivation as residual liquids from basaltic 
magma is not the only way in which these rocks may form. This factor is 
largely responsible for the wide variety of hypotheses that have been pro-
pounded concerning the genesis of alkaline rocks. These have ranged from 
the classic limestone syntexis theory as expounded by Daly (1933) and 
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Shand (1943) to the suggestion that such rocks are rheomorphic meta-
somatised rocks (mobilised "fenites"; von Eckermann, 1948). Whatever 
its ultimate source, there can be no doubt about the existence of ijolite 
(i.e. , nephelinite) magma. Its mobility is attested even in those complexes 
where metasomatic ijolite seems most strongly in evidence, but it is put 
beyond doubt by the existence of nephelinite lavas. 
Some of the previous ideas on the origin of nephelinites and 
associated rock types are as follows: -
(a) The limestone syntexis theory. 
The limestone syntexis theory was originally suggested by 
Daly (1933) and has been vigorously supported by Shand (1943). The 
hypothesis was put forward to explain the common association of limestone 
and nepheline-bearing syenites. Daly recognised three stages in the 
assimilation process: 
1. The solution of limestone by magma, leading to the direct formation 
of felspathoids by desilication of potential felspar molecules. 
2. The sinking of the heavy lime silicates, such as melilite and garnet, 
under the influence of gravity and the complementary rise of the 
light alkaline fraction. Daly believed the latter to be enriched in 
Na2co3 and Na2Si03. 
3. The formation of alkaline carbonates and the rise of these towards 
the roof of the magma chamber. 
The contact zones at Scawt Hill and Camas Mor (Isle of Muck) 
have often been cited as examples of what actually happens as a result of 
reaction between basic magma and limestone. In each occurrence lime-
silicate assemblages have been formed in which melilite is often prominent 
(Tilley, 1952). 
The first stage of assimilation is characterised by the pre-
cipitation of a diopsidic clinopyroxene from the basaltic magma. Pyroxenite 
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is the ultimate product. Tilley (1952) suggested the following reaction : -
0. 
3 NaA1Si30 8 + 2 Mg2Si04 + 4 CaO ~ 4C.wlgSi2o6 + 3NaA1Si04 
albit e olivine diopside nepheline 
With concentration of nepheline in the residual liquid and further 
assimilation of limestone, a sequence of contamination products is developed, 
including nepheline diabases and theralites , both commonly containing melilite 
and more rarely wollastonite. The appearance of melilite is essentially 
at the expense of the plagioclase and clinopyroxen e. Very fayalite-rich 
olivine reappears in the theralites in small amounts. The clinopyroxene 
in these alkali hybrids becomes increasingly titaniferous in character. 
Eventually Al2o3 is also incorporated in it at the expense of the anorthite 
component of the plagioclase (Tilley, 1952). Localised concentrations of 
titaniferous augite give rise to pyroxenite assemblages distinct from the 
diopsidic pyroxenites and often characterised by relatively high Al2o3 
contents (i. e. , fassaitic pyroxenites). 
However while it is generally conceded that undersaturated 
nepheline-bearing , alkaline rocks can be produced from basaltic magma 
by assimilation of limestone, it is also generally observed that their super-
ficial resemblance to the volcanic association of nephelinite , melilite 
nephelinite etc. is far outweighed by significant differences such as a general 
absence of magnesian olivine, a common association of melilite and plagio-
clase and a marked iron enrichment in late liquid fractions. Also, a feature 
of such a process is the very small amount of nepheline-bearing rock produced. 
Again,there are numerous regions in the world in which nepheline-bearing 
rocks occur without any evidence for the presence of associated limestone. 
Tilley (1952) , therefore , concluded that while nepheline , melilite and 
wollastonite may appear in basaltic rocks contaminated by reaction with 
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limestone, their presence in alkaline rocks of the nephelinite group is due 
to some other completely independent process. He inferred that the inherent 
undersaturated nature of such rocks is a feature peculiar to the initial melts . 
(b) Melting and resorption of hornblende and biotite. 
Bowen (1928) suggested that highly undersaturated liquids , 
under certain conditions , resulted from the fractional resorption of accumu-
lated hornblende or biotite crystals , or both, by basaltic liquids. He noted 
that the amphiboles from most hornblendites (which he assumed to be the 
products of crystal settling) , contain normative nepheline. He reasoned that 
settling of hornblende, for example, from a region of cooler liquid in a 
magma into a region of somewhat hotter liquid, would cause it to partially 
react with the liquid to precipitate as crystals, ear lier minerals of his reaction 
series. The liquid fraction would become enriched in the alkali-rich com-
ponents of the hornblende. Bowen suggested that if the liquid containing the 
low melting point components of the hornblende (Or, Ab, Ne, Le, Cs) was 
separated from the precipitated crystals (olivine, pyroxene, perhaps some 
calcic plagioclase) by some filtration process, the liquid would crystallise 
to a mass rich in nepheline and pyroxene - especially if crystallisation 
took place under surface or near-surface conditions. Where some olivine 
crystals had been carried along as well, olivine nephelinites were formed. 
Biotite was considered to behave in an exactly similar fashion. 
Yoder and Tilley (1962) pointed out that the later events in the 
Hawaiian petrographic province appear to be consistent with the concept of 
fractional resorption of hornblende. The long periods between eruptions in 
the declining phase of volcanic activity would have been conducive to crystal 
settling. The relatively large proportions of pyroclasts suggest a concen-
tration of volatiles requisite for amphibole formation in the final stages. 
The extremely small volume of the last st age rocks is consistent with the 
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subsidiary nature of the process. A feature of these rocks is the occurrence 
of phenocrysts of hornblende or various phenocrystic amphiboles undergoing 
resorption whereas, in the shield building lavas hornblende is absent and 
biotite is rare (Macdonald, 1949). 
Yoder and Tilley (1962) conducted a series of hydrothermal 
experiments on four basaltic compositions (olivine tholeiite, high alumina 
basalt, alkali basalt and hawaiite) at pressures up to 10 kb. Most runs, 
when quenched from above the liquidus, gave charges consisting almost entirely 
of quench amphibole. Primary amphibole was generally the principal 
crystalline phase in runs below the liquidus, i. e. , the various basalt types 
were "metamorphosed" to amphibolite at relatively low temperatures in the 
presence of water. Amphibolite may, therefore, be considered as a potential 
source rock for basaltic magma. Unfortunately Yoder and Tilley (1962) did 
not investigate the behaviour of a nephelinitic composition under hydrous 
conditions. However, as natural amphiboles exist which closely approximate 
the compositions of the major basalt types (including nephelinite), nephelinitic 
compositions could be expected to crystallise amphibole as an important 
phase under wet conditions. 
Yoder and Tilley (1962) believed the results of their experi-
mental work supported and extended Bowen's method of amphibole settling 
and resorption as a possible device in the conversion of magma types and 
for deriving the highly undersaturated alkaline rocks. They pointed out 
that an amphibole must be nepheline.normative for it to change a tholeiitic 
magma to an undersaturated magma composition and posed the question 
of whether or not a tholeiitic magma can produce a nepheline-normative 
amphibole on or near its liquidus? 
Varne (1966) suggested that the olivine melanephelinite series 
of lavas and dykes of Moroto Mountain, eastern Uganda, were derived from 
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a hornblendite parent. Blocks of pargasitic amphibole occur in a felsic 
vent breccia. The composition of the blocks is similar to that of an 
olivine nephelinite. Varne noted that Boyd's (1956) experimental work on 
the stability of pargasite suggested that the incongruent melting of a horn-
blendite mass with a composition similar to that of the amphibole blocks 
from Moroto volcano could give rise to all the rock types of the olivine 
melanephelinite series. He suggested that the hornblendite developed from 
peridotite in volatile-rich portions of the upper mantle. The incongruent 
melting of a hornblendite mass beneath the Moroto volcano yielded the 
olivine melanephelinite series while the melting of a relatively anhydrous 
portion of the upper mantle produced the parental magma for the associated 
alkali olivine basalt sequence. 
(c) Partial melting of source material. 
A number of workers (e.g. , Bailey, 1964) have indicated 
their preference for hypotheses involving the formation of nephelinitic 
magmas by partial melting processes rather than by extreme fractional 
crystallisation of basaltic magma. A characteristic of the major alkaline 
provinces of the world is their restriction to the stable continental areas. 
A general feature of these occurrences is either, the complete lack or, great 
scarcity of members of the alkali olivine basalt volcanic suite. Bailey (1964), 
therefore , suggested that the unusually large volumes of these alkaline rocks 
could more reasonably be explained as resulting from partial melting of 
crystalline source rocks , such as alkali basalt and the collection of juvenile 
fugitive constituents (unnamed) , than from fractional crystallisation processes 
which would require vastly greater volumes of more saturated , parent magma 
to be present. 
Bailey observed that a close spatial and temporal relationship 
exists between the rift patterns and the distribution of the alkaline igneous 
activity in the African Shield. He, consequently, put forward the theory that 
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the arching up of the rigid continental plate along the rift zones during 
deformation relieved the lithostatic pressure at depth , resulting in partial 
melting at the base of the crust or in the upper mantle. Fugitive constituents 
originated from the upper mantle. The parent material was alkali basalt. 
Bailey suggested that all the conditions appropriate for partial melting 
of basaltic material exist only at the base of the crust in continental regions , 
hence the restriction of major alkaline magmatism to this environment. 
In a later paper, Bailey and Schairer (1966) reported the 
results of an extensive study conducted on the system Na 0-Al O -Fe O -
2 2 3 2 3 
Si02 (essentially the peralkaline system) at atmospheric pressure. Their 
results showed ijolite ( nepheline-clinopyroxene rock) to be the low melting 
fraction from a range of peralkaline compositions and also from such rocks 
as melilite nephelinites. Consequently they proposed that the nephelinite-
melilite nephelinite-carbouatite complexes , together with their plutonic 
equivalents , ijolite, alnoite, turjaite, okaite , uncompahgrite etc. have 
arisen from the progressive melting of melilite nephelinitic sources in the 
mantle. These they equated to the bulk composition of kimber lite. 
Kushiro and Kuno (1963) have argued that the spectrum of 
basaltic magmas can be formed by the partial melting of peridotite, similar 
in composition to the ultramafic inclusions found in basaltic rocks. Magma 
generation was thought to occur in all cases in the upper mantle. Average 
compositions of some Hawaiian and Japanese basalt types including tholeiite, 
alkali olivine basalt and nephelinite were subtracted from the average 
composition of the assumed mantle peridotite. They found that the above 
magma compositions could be produced by the partial melting of various 
amounts of peridotite. The tholeiite was produced by the partial melting 
of 9% peridotite, the alkali olivine basalt by 5% and the nephelinite by 2%. 
Furthermore the crystalline material left after the partial melting still 
possesses peridotite mineralogy. It was pointed out that the production of 
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the various basaltic magmas from a peridotite of uniform chemistry is 
possible only if the various components of the s ilicate minerals enter 
into the liquid fraction in different proportions depending upon the P-T 
conditions at the time of melting. 
Kushiro and Kuno found the origin of the highly undersaturated 
rocks difficult to explain. They postulated that, with increasing pressure, 
the eutectic point between forsterite and enstatite moves towards forsterite. 
Therefore, with increasing pressure the products of partial melting become 
more and more enriched in the forsterite component until finally the eutectic 
reaches pure forsterite. With further increase in pressure, forsterite 
melts incongruently, producing enstatite crystals and a liquid with a lower 
Si02 content than forsterite. Upon crystallisation under surface or near-
surface conditions , MgO in the magma absorbs Si02 from the jadeite 
component of clinopyroxene to form nepheline and olivine. The mineral 
assemblage of nephelinite would thus be obtained. However, there is no 
evidence for the incongruent melting of olivine to produce enstatite in the 
experimental studies of the melting of pure forsterite to pressures of 50 kb 
or of fayalite to 40 kb (Davis and England, 1964; Hsu, 1967). Green and 
Ringwood (1967, b) pointed out that the small degrees of partial melting 
(2-9%) suggested by Kushiro and Kuno seemed incompatible with the 
++ 
relatively high Mg/ Mg+ Fe ratios of some basaltic liquids and that 
mechanical difficulties would be encountered in segregating such small 
liquid fractions from residual crystals. Also the difficulties in obtaining 
basaltic chemistry, particularly the contents of incoherent elements such 
as K, U, Th etc. are even more formidable if average nodule compositions 
are used as model parental material rather than selected individual nodules. 
Rocks from the alkaline district of northern Tanganyika 
(Tanzania) and southern Kenya fall readily into two genetic series. One is 
strongly alkaline and is best represented by the nepheline-bearing lavas , 
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ankaratrite, melanephelinite, nephelinite and phonolite, whilst the other 
is only mildly alkaline and embraces the nepheline-free extrusives, alkali 
olivine basalt, trachybasalts, alkali trachytes (Saggerson and Williams , 
1964). In many of the lava sequences, there is a tendency for large volumes 
of alkali olivine basalt to be repeatedly succeeded by nepheline-bearing 
lavas - mainly nephelinites , melanephelinites and ankaratrites. Trans-
itional types between basalts and felspar-free lavas , represented by basanites 
and tephrites were encountered in numerous localities. 
Saggerson and Williams' investigations lead them to conclude 
that the rocks in each series were derived by simple fractional crystall-
isation processes from parental sub-magmas, an ankaratritic source giving 
rise to the strongly alkaline series and an olivine basaltic parent to the 
mildly alkaline series. They remarked on the lack of evidence for the 
existence of a process by which an ankaratritic sub-magma might be derived 
from a basaltic source. Because of this, olivine basalt could not be regarded 
as the parent magma for the rocks of the strongly alkaline, as well as the 
mildly alkaline, series. The repeated field association of rocks of the 
mildly and strongly alkaline series suggests that both were derived from 
a common source at depth, though not necessarily from a common magma. 
Saggerson and Williams envisaged an ultimate, alkali peridotite origin within 
the upper mantle. 
Dawson (1962) concluded that the phonolites, nephelinites, 
melanephelinites and wollastonitites from Oldvinyo Lengai, Tanganyika 
(Tanzania) originated as the result of successive intrusions of carbonate 
magma, each intrusion being less contaminated by sialic material than its 
predecessor. 
(d) Fractional crystallisation from less undersaturated parents. 
O'Hara (1965), from a study of the chemical compositions of 
basaltic rocks and the available information on their behaviour under experi-
14. 
mental conditions, advanced the hypothesis that extrusive basaltic magmas 
are, in the main, the residual liquids of well advanced crystal fractionation 
processes operating at relatively low pressures. In his opinion, extrusive 
basalts are best regarded as being the end products of a continuous series 
of evolutionary changes whose precise effects depend upon the pressure 
where partial melting occurs and the rate at which the liquids move towards 
the surface, relative to the rate of cooling. A model for magma generation 
was set up in which the composition of extrusive basalt magma was regarded 
as the product of the interplay of two processes :-
(1) Partial melting of the mantle, yielding primary magmas which vary 
in composition according to the pressure, partial pressure of 
volatiles, etc. 
(2) Continuous differentiation during the movement of the liquids to the 
surface. 
Results from experiments on simple systems, mineral mixes 
and a few whole rock samples of eclogite from kimber lite pipes lead to 
the construction of a fractionation scheme at high pressures in which a 
hypersthene normative picrite (or olivine tholeiite) magma was regarded 
as the primary liquid formed by partial melting of a garnet peridotite mantle 
at depths of around 80 - 100 km (O'Hara, 1965; O'Hara and Yoder, 1967). 
Precipitation of garnets and clinopyroxenes (i. e. , eclogitic accumulates) 
leads to the development of alkaline and Si02-poor mafic magmas from this 
primary liquid. 
According to O'Hara (1965), if the upward movement of the 
parent picrite magma is interrupted or delayed at intermediate pressures, or 
if the parent liquid is generated in his Intermediate Pressure Regime (i. e. , 
at depths equivalent to the granulite facies regime; O'Hara, 1965), a Si02-v 
poor liquid with increased K/ Na ratio and depleted in Cr, Ni, Co and V , 
is formed. Fractionation involves precipitation of mineral phases such as 
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orthopyroxene, olino-pyroxene, olivine, spine!. Continued fractionation 
during movement towards the surface produces lavas of melilite nephelinite, 
nephelinite, leucite nephelinite, composition. 
If, on the other hand, the hypersthene normative, picrite magma 
is retained for some time at depths around 80-100 km, fractionation in such 
a high pressure regime according to O'Hara's model yields volatile enriched, 
high K/Na, high alkali and high Cr, Ni, Co, V, magmas. The picritic 
magma crystallises clinopyroxene and garnet (i.e., eclogite). The extreme 
residual liquids formed from such a process may make their way to the 
surface as carbonatites (non explosive ascent with further fractionation) 
or kimberlites (violently explosive ascent with much xenolithic material 
incorporated). If the residual liquids are removed at some intermediate 
stage, fractionation in the 1 ower pressure regimes, controlled principally 
by the extraction of olivine and clinopyroxene, would lead to the formation 
of the potassic mafic lavas (such as leucitites, leucite basanites, potash 
trachybasalts) on extrusion. 
The hypothesis most relevant to the present work is that put 
forward by Winchell (1947) to explain the origin of the Honolulu Series of 
Oahu, Hawaii. Winchell saw no way in which the nepheline and melilite-
bearing lavas could have been derived by fractional crystallisation processes 
involving the separation of olivine. He observed, however, that, if hypers-
thene, rather than olivine, crystallised from the primitive olivine basalt 
magma, typical of Hawaii, nepheline basanite and ultimately olivine 
nephelinite and melilite nephelinite would be obtained. He suggested that 
crystallisation at depth, under high pressures or with an abundance of 
mineralisers might cause hypersthene to crystallise instead of olivine. 
Present Investigation 
The author's approach to the problem of the origin of nephel-
inites has been to seek lavas providing evidence for direct derivation from 
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upper mantle levels without superimposed effects of low pressure fraction-
ation at near-surface levels. Ultrabasic xenoliths of lherzolite, garnet 
pyroxenite, spinel pyroxenite etc. or xenocrysts of highly aluminous 
orthopyroxene and clinopyroxene, which occur in some alkaline magmas , 
have mineral compositions indicative of crystallisation at pressures greater 
than 8 - 10 kb (Green and Ringwood, 1967a, b). The enclosing magmas 
as thus inferred to have ascended from depths in excess of 30 km without 
appreciable fractionation. The presence of ultrabasic inclusions more 
dense than the enclosing basic rocks, in itself, is indicative of rapid ascent 
of magma to the surface. These magmas range from alkali olivine basalts 
to olivine melilite nephelinites and their range of composition is illustrated 
in the CaO vs Si02 and alkalies vs Si02 plots of figures 5 and 6. The 
chemical compositions of these inclusion-bearing lavas are listed in 
Table 1. It is considered that the range of compositions illustrated in 
figures 5 and 6 could represent a genetically related magma series at their 
depth of origin. 
The nature of the liquidus phases and the sequences of crystall-
isation at pressures in the range O - 36 kb have been determined experi-
mentally for olivine nephelinite, picritic nephelinite and olivine basanite. 
The selected compositions lie rather centrally within the field of fig. 5. 
The principal aim of the investigation is to evaluate possible mechanisms 
for the derivation of olivine nephelinite and melilite nephelinite magmas by 
processes of fractional crystallisation of olivine-rich basanite and nephelinite 
or by direct partial melting of mantle peridotite. Green and Ringwood (1967b) 
have shown that alkaline olivine basalts and basanites with up to 5% normative 
nepheline can be derived by crystallisation of aluminous orthopyroxene and 
clinopyroxene from olivine-rich tholeiitic magmas at depths of 35-70 kms. 
They indicated that the limit of fractionation along this trend at 35-70 kms 
' 
TABLE I, ANALYSE.5 OF ROCKS CONTAJNJNG ULTRABASIC XENOLITHS 
2 3 4 5 6 7 8 9 10 11 12 13 14 
15 16 17 18 
Si~ 51. 24 48.31 47.02 
46, 64 46. 59 46, 55 46. 53 46.43 46. 25 46.14 46. 00 45, 9 45. 30 45. 14 45. 03 44. 96 
44. 74 44. 74 Si~ 
Tl I. 51 I. 42 2, 60 2. 35 2. 26 3. 18 2, 28 2, 59 2. 16 I. 07 I. 62 
3, 4 I, 85 I. 96 3, 24 2,36 2. 75 2, 67 Tl 
Al20 17. 98 16. 95 12. 52 14.45 15. 19 12, 70 14, 31 10. 91 15. 80 13, 10 12.42 
16, 0 10. 11 16. 54 12. 97 12.28 12. 61 15. 67 Al203 
~:oa; 3, 30 I. 22 4. 81 3. 18 2.. 96 2, 98 3.16 3, 15 5. 53 10. 56 o. 53 3, 3 3, 75 2, 58 3, 28 
2, 24 2, 95 3, 76 
::003 
6. 61 8. 99 5. 83 9. 77 9.89 9. 72 9.81 10. 26 6.12 12, 72 7. 8 8. 91 
9. 13 9. 32 11. 47 8. 95 7, 21 
MnO 0.19 0, 12 o. 19 0.18 o. 17 o. 18 o. 09 o. 24 tr 0. 27 o. 3 
0.18 0.12 0.17 0.20 o. 16 0, 19 MnO 
MgO 4, 62 6. 65 9.92 9, 33 8. 74 10. 63 9. 54 11. 08 5. 81 12. 55 11. 08 5. 9 
17. 87 7. 68 9.88 10, 64 12. 47 9. 83 MgO 
Cao 6. 98 9, 68 8. 38 9, 86 10, 02 8. 66 10, 32 10. 09 7. 94 9. 97 10. 80 10. 3 
8. 96 9. 29 8. 51 7. 39 8.70 8.80 eao 
Na0o 5. 39 
3, 69 3. 23 2, 84 3, 01 2, 95 2, 85 3.16 4. 54 2. 61 2. 64 3, 2 I, 35 2, 72 4.06 
3. 95 3,46 3. 31 NaOO 
K2 2. 10 2.10 3.23 o. 97 o. 96 o. 95 0.84 o. 54 
2. 40 2. 02 0.42 2, 2 o. 30 I, 16 2, 22 I. 33 I. 78 I. 96 K2 
:2~ 
o. 53 I, 23 o. 34 o. 29 o. 60 o. 28 o. 67 o. 87 1.46 0.19 o. 6 o. 20 o. 22 o. 73 
o. 91 o. 52 P2\ 
o. 35 o. 85 o. 70 o. 06 o. 05 o. 67 o. 08 o. 66 2. 10 I. 02 o. 63 0.4 o. 76 
2, 81 o. 10 1.41 o. 58 I. 56 HO 
1lo- o. 69 o. 52 0.15 o. 47 o. 60 o. 2 o. 77 o. 84 o. 06 
o. 79 0.16 0.06 H
2o-
A~ceee . o. 01 0. 06 o. 35 o. 06 o. 07 o. 18 tr o. 7 o. 05 o. 17 
o. 23 A~cees . 
--
-- -- -- --
-- -- --
-- --
-- -- -- -- --
-- --
--
--
100.08 100. 58 100.28 99.85 100.20 100. 63 100. 24 99.85 100.41 100. 50 99. 92 100. 2 100. 31 100. 24 99. 74 99. 93 
100,06 99. 76 
100 Mg (mol) 56 9 56. 9 75. 2 62. 9 61. I 65. 2 63.4 65, 8 62. 9 60. 8 57. 3 78. l 59. 9 65. 7 G2 . 3 
71. 3 70. 9 
100 Mg(mol) 
Mg+ Fe++ • 
Mg+ Fe++ 
C l PW Norms ~t ~ l 
Or 12. 2 12. 2 18, 90 5. 5 5. 56 5. 6 5. 28 3.19 14.18 2, 2 12.8 I. 67 6. 84 13.1 
7. 7 10. 5 11. 7 Or 
Le 
Le 
Ab 32. 0 17. 9 18. 34 23, l 20. 96 25. 2 20. 04 23, 96 24. 69 15. 3 16.8 11. 53 20. 59 12, 6 
20. 5 11, 5 12. 0 Ab 
Ne 7.4 7.4 4,83 o. 5 2, 27 2.20 1. 25 7. 99 4. 0 5. 6 1. 31 II. 8 
7. 0 9. 7 8. 6 Ne 
An 18. 7 23.4 10.01 23, 9 25, 30 18. 7 23, 63 14. 23 15. 65 20. 8 22. 9 20. 57 29.47 10. 6 11. 7 
13. 7 22. 3 An 
Di 13. 0 17. 4 19. 01 17. 4 18. 51 16. 7 20. 89 25. 37 13, 51 26. 1 20. 0 18. 31 12. 41 
22, 2 15. 8 21 . 0 17, I Di 
Hy 2. 0 14. 34 -
Hy 
01 8. 8 15. 7 13, 08 19. 3 18. 21 19.4 18.48 19.86 8. 25 26. 0 8. 3 23.13 17. 94 16. 9 
25, 1 22. 2 16.0 01 
Cs 
Ce 
Ap I. 3 3, 02 1. 3 o. 67 1. 3 o. 67 1. 59 2. 06 o. 3 1. 3 o. 34 o. 50 1. 5 2.0 
1. 2 Ap 
II 2. 9 2, 7 4.86 4.4 4.26 6. 1 4.41 4. 92 4. 10 s. 0 6. 5 3, 50 3. 72 6. l 4.6 
5. 2 5. 0 II 
Mt 4.9 I. 9 6. 96 4.6 4. 41 4.4 4. 53 4. 57 8. 02 o. 7 4. 9 5. 34 3. 74 4. 8 3. 2 
4. 4 5. 5 Mt 
Rest 0. 11 0.14 0.12 2.60 0. 07 
Rest 
Anal~aee without accessories !recalculated to 100~ l 
Si~ 51 . 39 48. 45 47. 54 46. 73 46. 59 46. 97 46, 53 46.89 47. 36 46. 37 46. 60 
46,4 45.84 46. 77 45. 30 45. 99 45. 14 45. 59 5102 
Tl 1. 51 1.42 2, 63 2. 35 2. 26 3. 21 2. 28 2. 62 2. 21 I, 08 I. 64 3. 4 1, 87 2. 03 3. 26 2.41 
2. 77 2, 72 TIO 
Al20 18. 03 17. 00 12. 66 14.48 15. 19 12. 81 14. 31 II. 02 16. 18 13, 17 12. 58 16. 2 10. 23 17.14 13. 05 12. 56 
12. 72 15, 97 Al2~ 
F:ocr 3. 31 I. 22 4.86 3. 19 2, 96 3, 01 3.16 3. 18 5. 66 o. 54 3, 3 3,80 2. 67 3, 30 2. 29 2, 98 3.83 ~3 F 3 6. 63 9. 02 5. 89 9. 79 9. 89 9.81 9.81 10. 36 6. 27 10, 61 12, 89 7. 9 9. 02 9.46 9. 38 11, 73 9. 03 7. 35 
MnO 0.19 o. 12 0.19 o. 18 o. 17 0.18 o. 09 o. 25 o. 27 o. 3 o. 18 0.12 o. 17 o. 20 0.16 
0.19 MnO 
MgO 4.63 6. 67 10.03 9. 35 8. 74 10. 73 9. 54 11. 19 5. 95 12. 61 11. 22 6. 0 18. 08 7, 96 9. 94 10. 88 12. 58 
10. 02 MgO 
Cao 7. 00 9. 71 8.47 9. 88 10. 02 8. 74 10. 32 10.19 8.13 10. 02 10. 94 10.4 9. 07 9. 62 8. 56 7. 56 8. 78 
8. 97 CaO 
Na0o 5. 41 3. 70 3, 27 2.85 3. 01 
2. 98 2. 85 3.19 4. 65 2. 62 2. 67 3. 2 I, 37 2.82 4. 08 4. 04 3.49 
3, 37 Nab° 
K2 2.11 2. 11 3, 27 o. 97 o. 96 o. 96 0.8' o. 55 2.46 1.47 0.43 2, 2 o. 30 
1.20 2, 23 1,36 I. 80 2, 00 K2 
P 205 o. 53 I. 24 o. 34 o. 29 o. 61 o. 28 0.68 o. 89 1. 03 0.19 o. 6 0.20 0. 23 
o. 73 0.93 o. 52 P205 
~ -:-C--- -;......,j · 
TABLE l. (Contd.) 
19 20 21 22 23 24 25 26 27 28 29 30 
31 32 33 34 35 36 
~~ 4-4. 5 44.48 44.29 44. 26 44. 22 43. 97 43. 94 43.80 43. 74 
43. 87 43. 55 43. 36 43. 29 43. 26 43. 17 43.17 43. 15 43. 0 ~~ 
3, 4 2. 42 2, 49 3. 48 3. 28 3. 30 2. 03 2. 70 I. 61 3. 45 3.88 
3. 97 3. 91 I. 75 I. 26 4. 37 4. 09 2. 3 
Al2~ 
14. 5 13. 47 13, 98 14. 30 13. 58 13. 22 15, 44 12. 54 13. 57 12. 54 IS. 37 
16. 29 16. 11 13.40 13. 80 14. 66 12. 33 13. 6 Al2~ 
~:o 3 5. 0 3. 50 2, 94 4. 81 S. 12 4, 12 3. 90 4.68 4. 14 
4. 19 3, 08 3. 78 6. 89 3. 06 3, 65 2. 65 4. 66 4, I 
~:o 3 
7. 3 9. 09 9.19 7. 79 7. 38 9, 02 8, 25 7. 35 8. 98 9, 02 8. 71 9. 58 
7. 10 S.36 8. 99 10. 61 9. 56 8. 0 
MnO 0.2 o. 24 o. 24 o. 21 o. 18 o. 17 tr o. 18 o. 45 o. 17 
o. 18 o. 25 o. 24 o. 21 o. 20 o. 13 0.19 o. 17 MnO 
MgO 7,4 9. 43 10, 18 8. 34 10. 34 9. 25 9, 64 10. 85 10. 85 9, 54 
8.16 S. 19 S. 16 11. 98 11. 32 7.40 9. 05 12.4 MgO 
Cao 9. 0 8. 12 9, 09 II. 26 9. 48 8. 50 10. 58 12. 34 9. 09 8, 60 9. 48 
9, 43 9, 46 11. 76 8. 95 10. 28 10, 75 ]l, 2 cao 
~·oo 
4.1 4. 08 3, 55 3, 48 3, 34 3, 96 2. 81 2. 58 2. 35 4. 00 4. 23 4, 52 4. 34 
3.44 4. 02 3. 35 3.17 2. 2 Nab° 
2, 3 2, 23 I, IS 1. 59 I. 43 2. 46 I, 34 I. 26 2. 47 2. 45 2. 17 2. 29 
2. 16 I. 03 I. 76 I. 67 I . 57 I. 0 K2 
P20 1,1 o. 9'1 o. 71 o. 70 o. 73 I. 36 o. 45 o. 50 o. 78 o. 93 
I. 53 I, 54 o. 55 o. 77 I, 42 0. 82 o. 62 
~~5+ 
~~ 1,0 I, 29 I, 73 o. 97 o. 52 2. 33 I. 21 I, 22 o. 52 0.44 o. 13 o. 16 1.11 o. 76 o. 22 o. 48 o. 94 o. 38 o. 23 o. 37 o. 22 o. 19 o. 48 o. 77 o. 22 o. 21 o. 27 o. 32 o. 71 o. 12 0.14 o. 29 o. 84 ii;o-
Ake••• 0.1 0.13 0.14 o. 03 o. 11 o. 08 o. 18 tr tr tr I. 56 0.01 tr 
Accees 
--
-- --
-- --
-- -- -- -- --
--
-- --
-- --
-- --
--
99. 9 99. 83 99.91 100, 00 100,45 100, 18 100. 43 100.42 99, 82 99. 31 100. 35 100. 60 
100. 48 100. 62 100, 28 100. 08 100.11 100, 37 
100 Mg (mol) 64• 3 84, 8 66. 3 6S. 7 71. 3 64, 5 67 . 5 77 . 0 68, 3 65. 3 62. 5 49. 2 56,4 71. 9 
69. 2 55, 4 62. 7 73. 5 
~(mol! 
Mg+ Fe++ 
Mg+ Fe++ 
CI PW Norma !Wt i l 
Or 13.4 13, 4 6. 8 9. 4 8. 3 14. 5 7. 95 7. 2 18. I 14. 5 12. 8 13, 4 12. 8 
6.1 10, 6 10.0 9. 4 6. I Or 
Le 
LC 
Ab 17. 3 7. I 17. 3 11. 8 16, 7 13, 7 9. 72 8. 2 9. 4 9. 4 
14. 2 18. 6 3, 6 6, 2 14. 4 11. 5 9, 4 Ab 
Ne 9. 4 IS. 0 6. 8 9, 5 s. 9 10, 9 7. 60 7. 5 10, 9 13, 3 14. 2 
13, I 9. 7 13. 9 IS.I 7. 5 8, 3 4. 8 Ne 
An 14.4 11. 7 18. 9 18. 7 17. 8 11. l 25. 52 18. 9 19, 2 8, 9 16. 7 17. 5 18. 0 
17. 8 14. 2 20. 0 14. 8 24. 3 An 
DI 17. 9 17. 9 17. 3 26. 1 19, 3 17. 6 21. 59 31, 5 18. 0 23, I 19. 2 1$. 5 14. 8 29. 7 
20. 7 17. 7 26. 5 22.1 01 
Hy 
Hy 
01 10.0 21. 2 20. I 9. 7 IS. 0 16, 3 16. 10 12. 7 21. 3 14. 7 13, 3 9. 9 s. 3 
Ill. 6 21. 7 14. 7 12. 4 20. 0 01 
Cs 
Ca 
Ap 2. 6 2. 3 I. 7 I, 7 l. 7 3, 3 1.0 I. 3 I, 7 2. 3 3, 7 3, 7 I. 3 
I. 7 3. 3 2. 0 I. 3 Ap 
JI 6. 5 4. 6 4. 7 6, 5 8. 2 8. 2 3, 86 5.1 3. 0 6, 5 7. 2 7. 6 7.4 
3. 4 2.4 8. 4 7. 8 4.4 11 
Mt 7. 2 S. I 4. 2 6. 7 7. 4 8. I S. 66 6, 7 6, I 6, I 4. 4 s. 5 9. 7 
4. 4 s. 4 s. 9 6. 7 6, I Mt 
Rest 
Rest 
Anallsea without AccessorJea ,recalculated to lOOi: ) 
~~ 45. 0 45. 37 45. 26 44. 28 44. 62 44. 28 4-4. 86 44. 37 44. 75 44. 37 43, 68 -43. 36 43. 29 43. 78 
44. 12 43,30 43. 15 43.6 ~l~ 
3. 4 2.47 2. 54 3.46 3, 31 3, 32 2. 07 2. 74 I, 85 3. 51 3. 87 3, 97 3, 91 I. 77 
I. 29 4. 38 4. 09 2. 3 
Al20 14. 7 13, 74 14. 29 14, 30 13, 70 13, 31 IS. 76 12. 70 13, 88 12. 74 15,42 16. 29 16.11 
13. 56 14, 10 14. 70 12. 33 13. 8 Al2~ 
F:oa1 5. I 3, 57 3.00 4. 61 S. 17 4. 15 3. 98 
4. 74 4. 24 4. 26 3. 07 3. 78 6. 69 3. 10 3. 73 2. 66 4. 66 
4. 2 
F 3 7.4 9. 27 9.39 7. 79 7. 45 9. 08 8. 42 7.45 9. 19 9.16 8. 74 9. 56 7. 10 8. 46 
9, 19 10, 64 9. 56 8. I ::"e0 3 
MnO o. 2 o. 24 o. 25 o. 21 o. 18 o. 17 tr o. 18 o. 46 0.17 0.18 o. 25 o. 24 o. 21 o. 20 
o. 13 o. 19 o. 17 MnO 
MgO 7. 5 9. 62 10.40 8. 34 10. 43 9, 31 9. 88 10. 99 11, 10 9. 69 8, 18 S. 19 5, 16 12. 12 13. 61 
7.42 9. 05 12. 6 MgO 
Cao 9. l 8. 28 9, 29 11. 26 9. 57 8. 56 10, 78 12. 50 9. 30 8. 74 9. 51 9. 43 9, 46 11. 90 
9. 15 10. 31 10. 75 11.4 CaO 
~aOO 
4. I 4. 16 3, 63 3. 48 3. 37 3. 99 2. 87 2.61 2. 40 4, 06 4 . 24 4 . 52 4. 34 3. 48 
4, II 3, 36 3. 17 2. 2 Na0o 
2. 3 2. 27 I, 18 I. 59 1.44 2.48 I. 37 I. 28 2. 53 2. 49 2. 18 2. 29 2. 16 l. 04 I. 80 
l .' 68 I. 57 1.0 K2 
P20 1.1 o. 99 o. 73 o. 70 o. 74 I, 37 0.46 o. 51 o. 77 o. 93 I. 53 I. 54 o. 56 o. 79 
I. 42 o. 82 o. 63 P205 
2 5 
5i0-2 
Ti0-
At2~ 
::oo-3 
MnO 
MgO 
eao 
Na20 
K2o 
P20~ 
HO 
ilo-
A~cesa. 
55 
40. 66 
2. 28 
10. 57 
2. 95 
9. 74 
0.19 
15. 75 
11. 37 
1.48 
0.49 
o. 36 
2. 52 
I. 65 
100.01 
~01) 74 . 2 
Mg+ Fe 
Or 
Le 
Ab 
Ne 
An 
Di 
Hy 
01 
Cs 
Ap 
JI 
Mt 
Rest 
Sl0_2 
TIO-. 
Al2~ 
::ou-3 
MnO 
MgO 
eao 
Na20 K2o 
P205 
2. 78 
3. 67 
4. 83 
20. 85 
25. 61 
29. 17 
I. 34 
4.41 
4.18 
42. 41 
2. 38 
11. 02 
3. 08 
10. 16 
o. 20 
16.43 
II. 86 
I. 54 
o. 51 
o. 38 
56 
40. 56 
2. 73 
8.81 
5. 98 
8. 23 
o. 15 
16. 33 
11. 77 
3. 13 
1.19 
o. 82 
o. 27 
0.06 
57 
40. 30 
2. 75 
14.08 
5. 71 
8. 77 
10. 97 
11. 71 
3. 30 
1.43 
o. 36 
0.43 
o. 55 
58 
40. 25 
2. 74 
10. 83 
5. 30 
8.00 
o. 30 
12. 53 
9. 64 
3. 76 
1.48 
o. 73 
2. 58 
o. 78 
I. 46 
100. 03 100. 36 100. 38 
77. 9 
5. 6 
14. 5 
6. 0 
36. 7 
21. 0 
0.4 
2. 0 
5. 1 
8. 6 
40. 68 
2. 74 
8.84 
6. 00 
8. 25 
o. 15 
16. 38 
II. 81 
3. 14 
1.19 
o. 82 
69. 0 
2. 5 
4. 6 
15. I 
19.4 
28. 6 
14. 7 
1.0 
5.1 
8. 3 
40.54 
2. 77 
14.16 
5.74 
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25. 8 
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40. 30 
2. 23 
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11. 18 
4. 59 
I. 70 
61 
39. 14 
2. 54 
12. 23 
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o. 20 
12. 86 
13. II 
3. 95 
I . 23 
o. 58 
0.48 
o. 16 
o. 13 
99. 9 1 
74. 0 
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Uet of Localities and References 
1. Mugearite - Meng-Chlan, Eastern Manchuria (Analysis supplied by H. Kuno - was quoted by Rose, Foster and Myers, 1954, as the host rock for the lcblnomegata nodule) . 
2. Olivine tracbybasalt - Manchuria (T. Ogura , M. Sawatorl and K. Murayama, 1939. Survey report of Volcanoes In Manchuria, No. 3., 1 - 44). Supplied by H. Kuno. 
3. Woodenite - Old Racecourse Hlll, Woodend, Victoria (A. B. Edwards, 1938. Quart. J. GeoL Soc. London, 94, 243-320 ). 
4. Olivine basalt - 1801 Kaupulebu n- of Hualalell, Hawaii (C. S. Rose, M. D. Foster and A. T. Myers, 1954:-Amer. MlneraL, 39, 693-737). Nodules are probably crystal accumulates (H. Kuno, 
pere. comm.). 
5. Alkali basalt - Huala lal, Hawaii. Cambriclg• No. 57357, 1801 lava (H. S. Yoder, am C. E. T i lley, 1962. J. PetroL, ;!_, 342-532). 
a, Basalt - Auckland Island, New Zealand (D. H. Green, unpublished analysis. Basalt No. 19594). 
7. Alkali olivine basalt - Haulalal, Hawaii. Cambridge No. 65992. Prehistoric Oow. North of Keauhou (Yoder and Tilley, 1962). 
8. Alkali olivine basalt - Kaupulebu flow, Hualalal (H. S. Washington, 1923. Amer. J. Sci. , §, 100-126). Quoted by White (1966) as containing Inclusions. (R. W. White, 1966. Contr. Mineral . and PetroL, 
~ 245-314). 
9. Basalt dyke - Ruby HUI, Bingara , N. S. w. (Rl76, J. F. Lovering, 1964. Proc. Roy. Soc. N. S. W., ~. 73-79). 
10. Basalt - Stempel near Marburg, Haese, West Germany (M. Bauer 1891 - reference cited In Ross et aL, 1954). 
11. Olivine basalt - Kerguelen !eland (A. B. Edwards, 1938. BANZARE Reports, Ser. A, 1, 69-100). 
12. Tracbybaealt - Jan MayeL Average of 4 analyses (G. W. Tyrrell, 1926. Roy. Soc. Edinburgh Trans., M, 747 -765). Some doubt as to the relation or this rock to the nodules (H. Kuno, pers. comm.). 
13. Alkali olivine basalt - West Maul, Hawaii (G. A. Macdonald and T. Kateura, 1964. J. Petrol.,_§, 82-133). Classified as an ankaramlte by White (1966). 
14. Analclme cblorlte basalt - Calton Hill, Derbyshire, England (D.S. el Hamad , 1963, MlneraL Mag. , ~ 483-497). 
15. Alkali olivine basalt - Mt.. Leura (Inner cone), Csmperdown, Victoria (D. H. Green, unpublished analysis, Basalt No. 2650). 
16. Olivine basalt - South Central Manchuria (Ogura et aL, 1939). Supplied by H. Kuno. 
17. Alkali olivine basalt - Mt.. Shadwell, Mortlake, Victoria (D. H. Green, unpublished analysis. Basalt No. 2679). 
18. Alkali olJvine basalt - Ludlow, California, U.S.A. (R. F. Forbes and H. Kuno, 1965. Upper Mantle Symposium, New Delhi, 1964, reprint). 
19. Average tepbrlte (with primary zeolJte) - Near Ludlow, California, U. S. A. (W. S. Wise, 1965, N. Z. I. A. V. , Symposium abstract, 193), SupplJed by H. Kuoo. 
20. Alkali olivine basalt - Armldele, N. S. W. (H. G. Wilshire and R. A. Binns, 1961. J. PetroL, ~ 185-208). 
21. Alkali olivine basalt - Drogbeda, N. S. W. (Wilshire and Binns, 1961). 
22. Average basanltold - Tahiti (Lacroix, 1928). Cited by R. B. Forbes (1963. BulL Vulcanol. tome 26, 13-21). 
23. Alkali olivine basalt - Kugruk Volcanics, Seward Peninsula, Alaska ( Forbes and Kuno, 1965). 
24. Alkali olivine basalt - No. 28 reanalyeed by XR F. Analysis supplied by D. H. Green. 
25. Analclme basalt - Calton HUI, Derbyshire, England (Hamad, 1963; S.l. Tomkeleff, 1928. Quart. J. Geo!. Soc. London,~ 703-717). 
26. Umburglte - Sukumozuka, Japan (A . Harumoto, 1952. Mem. Co!L Sci. Univ. Kyoto, Ser. B., 20, 69-88). New analysis of 30. 
27. Umburgtte basalt - Subm Island, Royal Sound, Kerguelen (Edwards, 1938). Supplied by H. Kun0:-
28. Alkali olJvlne basalt - Mt. Leura (outer cone), Csmperdown, Victoria (D. H. Green, unpublished analysis. Basalt No. 2636). 
29. Baeanltold - Hut Point Peninsula , Rose !eland, Antarctica (Forbes and Kuno, 1965). 
30. Alkali olivine basalt - Hut Point Peninsula, Roes !eland, Antarctica (Forbes, unpublJebed analysis). SupplJed by H. Kuno. Not sure whether rock really contains nodules {H. Kuno, pere. comm.). 
31. Kaereutlte-bearlng tracbybaealt - Hut Point Peninsula, Rose Island, Antarctica (Forbes, unpublished analys is). Supplied by H. Kuno.. 
32. Umburglte - Sukumozuka, Japan ( Haramoto, 1952). 
33, Olivine fourcblte - Raymond Fosdick Mte. 1 Antarctica (C. N. Fenner, 1938. Bu!L GeoL Soc. Amer., 1J!, 367-400). Total 100. 35, Iese O • O. 07. 
34. Alkali olivine basalt - Hut Polnt Peninsula, Roes Island, Antarctica (Forbes, unpublJehed analysis). Supplied by H. Kuno.. Not sure whether rock really contains nodules (H. Kuno, pere. comm.) . 
35. Basanitold - Hut Point Penln.eula, Rose Island, Antarctica (Forbes and Kuno, 1965). 
36. Baeanltlc pyroxene basalt - (Neck), Corra Unn, Tasmania (Analysis by TaemanJan Dept.. of Mines). Supplied by D. H. Green. 
37. BaeanJte - Cabramurra, N. S. w. {D. H. Green, unpublished analysis. Basanite No. 2898). 
38. AlkaU olivine basalt - Prindle Volcano, Alaska (R . B. Forbes, 1966. U.S. GeoL Surv. Prof. Paper 550-B, 11 5-119). 
39. Alkali Olivine basalt - Prindle Volca.no, Alaska (Forbes and Kuno, 1965). 
40. Alkali olivine basalt - Hut Point Peninsula, Roes Island, Antarctica (Forbes, unpublished analyses). SUpplled by H. Kuno. Not sure whether rock really contains nodules {H. Kuno, pers. comm.) . 
41 . Alkali olivine basalt - Malpae-Cuseac area, France (R. Brousse, 1961 . BulL serve. ca rte geoL France, l!!!, No. 263). Cited In White (1966). 
42. Alkali olivine basalt - Hut Point Peninsula, Roes Island, Antarctica (Forbes, unpublished analysis). Supplied by H. Kuno. Not sure whether rock really contains lncluslODB (H. Kuno, pers. comm.) . 
43. Alkali olivine basalt - Hut Point Peninsula, Rose Island, Antarctica (Forbes, unpublished analysis). SuppUed by H. Ku.no. Not sure whether rock really contains Inclusions {H. Kuno, pers. comm.) . 
TABLE J, (Contd.) 
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44. Basanite - Hut Point Peninsula, Ross Island, Antarctica (G. T, Prior , 1907, Brit. Mus. Report, I, Geology, 106-109). Cited by Forbes (1963). 
45. Alkali olivine basalt - Hut Point Peninsula, Ross Island, Antarctica ( Forbes, unpublished analysis). Supplied by H. Kuno. Not sure whether rock really contains olivine nodules (H. Kuno, 
pers. comm. ), 
46. Monchiquite - Old Landing Place, Cape Paterson, Gippsland, Victoria (A. B. Edwards, 1934, Proc. Roy. Soc. Vic,, j], 112-132). 
47. Alkali olivine basalt - Malpas - Cussac area, France (Brousse, 1961). Cited by White (1966), but coincidence of localities not confirmed. 
48. Olivine nephelinite - Lughrata, Flinders Island (D, H. Green, unpublished analysis. Olivine nephelinite, No. 2896). 
49. Monchiquite - Murrumburrah, N. S. W. (M. H. Harvey and G. A. Joplin, 1941. J . Roy. Soc. N. S. W, , 1!, 419-442), 
50. Olivine basalt - Finkenberg, Siebengebirge, w. Germany (J. Frechen, 1948. Neues Jahrb. MineraL GeoL, Z1, 317-406). 
51 , Nephelinite - Delegate, N. S. W. (Lovering, unpublished analysis). Cited by G. A. Joplin (1963, B, M. R., BulL 65), 
52. Nepheline basalt - Laochaishan, Ch.i haia, Shantung, N. China (A. Harumoto, 1953, Mem. ColL Sci , Univ. Kyoto, 20, 311-322). Supplied by H. Kuno. 
53, Olivine nephelinite - Todd's Quarry, Arapohue, Northland, New Zealand (P. M. Black and R. N. Brothers, 1965. New Zealand J . GeoL Geophys., !!, 62-80). 
54. Olivine basalt - South Central Manchuria (Ogura et aL, 1939). Supplied by H. Kuno. 
55. Basanite - Grove Farm Quarry, Kaua.I, Hawaii (Macdonald and Katsura, 1964. C-90). 
56. Mimosite type plc r ite basalt - Grove Farm Qua.-ry, Kauai, Hawaii (H. Washington and M. Keyes, 1926. Amer. J . Sci., g, 336-352). Reclassified by White (1966) as an olivine nephelinit, 
57. Olivilc.e basalt - Buchberg near Klein - Iser, Czechoslovakia (H. Braun, 1922. Neues Jahrb. MlneraL GeoL, t 277-278) . 
58. Monchlquite - Murrumburrah, N. S. w. (Harvey and Joplin, 1941), 
59. MonchJquite - Mu r rumburrah, N. s. W. (Harvey and Joplin, 1941), 
60. Monchiquite - Murrumburrah, N. S. w. (Harvey and Joplin, 1941). 
61 . Olivine nephelinite - Oahu, Hawaii (Yooer and Tilley, 1962. No, 19165). According to White (1966) contains inclusions. 
62. Olivine nephelinit e - Scottsdale, Tasmania (D. H. Green, unpublished ana lysis. Olivine nephelinite No. 2854). 
63. Nepheline basalt - Oahu, Hawaii (H. Winchell, 1947, BulL GeoL Soc. Amer. , ~ 1-48). Classified by White (1966) as an olivine melilite nephelinite. 
64. Ankarat rite - Upper Auklta River, British Solomon Islands (J , B, Allen and T, Deans, 1965. MineraL Mag,, 34, 16-34). Analysis less o. 105% O • Cl, F. 
65. Nepheline olivine basalt - Salt Lake Crater, Oahu, Hawaii (Forbes and Kuno, 1965). -
66, Nepheline melilite basalt - Oahu, Hawaii (Winchell, 1947). Classified by White (1966) as olivine melilite nephelinite. 
67. Nepheline basalt - Oahu, Hawaii (Winchdl, 1947). Classified by White (1966) as an olivine melilite nephelinite. 
68. Olivine melilitlte - Westberges, W. Germany (T. Ernst, 1936, Chemie der Erde, !.Q, 631-666). 
69, Nepheline melilite basa lt - Oahu, Hawaii (Winchell, 1947). 
70. Alnolte - Hohomela River, British Solomon Islands ( Allen and Deans, 1965). Analysis less o. 15% O ?!. Cl , F. 
71 , Olivine melilitite - Hochbol, Swabla, Germany (Ernst, 1936). 
72. Melilite nephellne basalt - Nagahama, Japan (Harumoto, 1951). 
\ 
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under dry conditions appeared to be olivine-rich basanites. They did not 
establish a mechanism of formation of the extremely undersaturated 
nephelini tes. 
Selected Compositions 
The nephelinite and basanite compositions investigated 
experimentally are listed in Table 2. The olivine nephelinite composition 
was based on analyses of a limburgite from Japan (Yamaguchi, 1964) and 
an olivine fourchite from Antarctica (Fenner, 1938). Both contain lherzolite 
inclusions, have low Fe2o3 contents and very low normative albite contents 
placing them close to the olivine basanite-olivine nephelinite boundary 
(using a normative classification). During fusion of the synthetic mix in an 
argon atmosphere reduction occurred to a more marked degree than antici-
pated. The resultant composition is , therefore, richer in normative 
nepheline and olivine and poorer in normative albite than intended. The 
picritic nephelinite was calculated by adding approximately 15% olivine 
(Fo80 ) to the olivine nephelinite composition to obtain the desired compos-
ition with about 35% normative olivine. The rationale of this selection was 
that a primitive picritic nephelinite generated at 60 km or more, could 
precipitate olivine within the mantle before picking up lherzolite nodules 
at depths of 3040 km. . Previous studies, e.g., by Green and Ringwood 
(1967 b), O'Hara (1965), Jamieson (1966), strongly suggest that liquids 
derived by partial melting at depths ot 60 km or more approach the com-
position of picrites. 
The olivine basanite composition was arrived at by adding 
sufficient Si02 to the picritic nephelinite composition so as to increase the 
normative albite content from around 3% to around 6% (normative nepheline 
= 9. 4%). Green and Ringwood (1967b) have already examined an alkali 
olivine basalt composition containing around 2% normative nepheline and 
TABLE 2. Compositions of the synthetic nephelinitic and basanitic 
glasses used in the experimental work. 
Rock Type Olivine Picritic Olivine 
Nephelinite Nephelinite Basanite 
Si02 44.3 43. 7 44. 5 
Ti02 1. 5 1. 3 1. 3 
AI2o3 
14. 2 12. 3 12. 0 
Fet)03 o. 5* 1. 1 * o. 8* Fe 9. 7* 10. 8* 10. 6* 
MnO o. 2 o. 2 o. 2 
MgO 13. 3 17. 0 16. 7 
CaO 11. 2 9. 7 9. 9 
Nat)O 3. 6 2. 7 2. 8 
K2 1. 0 o. 8 o. 8 
P205 o. 5 o. 4 o. 4 
100 Mg 
Mg+ Fe++ 71. 0 73. 8 73. 7 
CI PW norms 
Or 6. 1 4. 5 4. 5 
Ab 2. 0 3.4 6. 2 
Ne 15. 3 10. 6 9. 4 
An 19. 4 19. 2 18. 0 
Di 26. 4 21. 7 22.8 
01 25. 9 35. 7 34. 4 
Ap 1. 3 1. 0 1. 0 
11 2. 9 2. 4 2.4 
Mt o. 7 1. 6 1. 2 
* determined by E. Kiss, analyst, Dept. of Geophysics and 
Geochemistry, A. N. U. 
18. 
18% normative albite. The olivine basanite, containing appreciable 
normative nepheline and minor, but significant albite, therefore, provides 
a link between the more saturated alkali olivine basalt composition studied 
by Green and Ringwood and the highly undersaturated nephelinite com-
positions studied by the author. 
It is quite obvious that the above compositions, based as they 
are on analyses of "oceanic" nephelinites, are different from the "continental" 
nephelinites. The latter are much poorer in normative olivine and richer 
in normative diopside, i. e. , for the "continental" nephelinites the analyses 
are too high in MgO and too low in CaO. Possible reasons for the differences 
in composition between "oceanic" and "continental" nephelinites are discussed 
in a later chapter. 
19. 
CHAPTER 2. 
EXPERIMENTAL PROCEDURES 
Preparation of the Nephelinitic and Basanitic Glasses 
Glasses were used as starting materials in the experimental 
runs rather than natural mineral mixes in order to avoid the difficulties 
of fine grinding, contamination and slow reaction rates. The glasses were 
prepared from Analytical Reagent chemicals. The starting compounds for 
the respective oxides were added in the required proportions and intimately 
mixed by grinding in an agate mortar. These compounds are listed in 
Table 3. The amount of FeO to be added was divided between Fe and Fe2 0 3 
according to the equation : 
3 FeO - Fe + Fe 0 
..----- 2 3 
Initially all the components were added except Fe. The 
mixtures were finely ground under acetone in an agate mortar for more 
than an hour, compressed into pellets and fired at 1100°c for 8 hours in 
the presence of air to react the components into complex silicates. The 
calculated amounts of Fe powder required to reduce the Fe2 0 3 and produce 
the required FeO/ Fe2o3 ratios were then added and the mixtures ground 
for at least an hour, under acetone in order to prevent any oxidation. In 
preparing the picritic nephelinite and olivine basanite glasses, additional 
Fe (10% of the calculated amount of Fe required) was added to each mix in 
order to compensate for iron loss to platinum during fusion. The mixtures 
were again compressed into pellets. 
Fusion was carried out in a platinum crucible, suspended in 
a graphite cylinder within the coil of an induction heater, at temperatures 
between 1450 ° C and 1600 ° C. Excessive oxidation was prevented by fusing 
TABLE 3. List of Compounds used to Prepare the Synthetic Glasses 
Starting Compound 
Silicic acid, Si02 • n H20 
Titanium dioxide, Ti02 
Haematite, 
Iron, Fe 
mixed in proportions 
needed to give the 
required FeO, Fe2o3 
contents 
Manganese carbonate , MnC03 
Magnesium oxide (washed), MgO 
Calcium carbonate, CaC03 
Sodium carbonate, Na2co3 
Potassium carbonate, K2 co3 
Magnesium pyrophosphate, Mg2P 2o7 
Resultant Oxide after 
Ignition 
MnO 
MgO 
cao 
20. 
in an argon atmosphere in contact with graphite. However loss of iron, 
' due to solid solution in the platinum container, occurred during melting. 
The oxidation states (Fe2o3/ FeO ratios) of the glasses pr oduced (except 
the picritic nephelinite) were slightly lower than those aimed for. Slight 
oxidation occurred in the picritic nephelinite composition. 
The glasses were reground under acetone to a very fine 
grainsize ( < 20 µ ) and checked for homogeneity by examination in refractive 
index liquids. Crystalline phases were absent and there were no observable 
variations in refractive indices. They were then analysed in duplicate for 
FeO and Fe2o3 (by E. Kiss, analyst). The compositions of the glasses were 
recalculated to 100% using the figures for FeO and Fe2o3 determined by 
analysis. 
Apparatus and Experimental Method 
The experimental runs were carried out in a single stage, 
piston-cylinder apparatus similar to that described by Boyd and England 
(1960, 1963). It is shown diagrammatically in fig. 1. Boyd and England 
developed their apparatus primarily for phase equilibrium studies in the 
0 pressure range up to 50 kb and temperature range up to 17 50 C. Their 
equipment allowed sample masses of approx. 25 mg to be subjected to pressure 
conditions which, as far as they could determine, were hydrostatic over the 
volume of the sample. Following the work of Green, Ringwood and Major 
(1966) a -10% friction correction has been applied to all nominal pressure 
readings. The absolute accuracy of pressure measurement is estimated 
+ 
at - 3% (Green et al., 1966). 
Details of the furnace assemblies and experimental techniques 
involved have been fully described elsewhere by Green and Ringwood (1967a). 
The types of furnace assemblages used in this work are shown diagrammatically 
in fig. 2. Both graphite and platinum sample containers have been used in 
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"dry" and "wet" runs. For "dry" runs exclusion of water from the sample 
is essential.. Using platinum capsules this was achieved by enclosing the 
sample in a platinum tube (0. 006 in. wall thickness) with both ends sealed 
by welding. About 20-30 mg of the powdered sample, dried in an oven at 
115°C for at least one hour before the run, were packed into the platinum 
capsule. After sealing the capsule was compressed in a pellet press to a 
cylinder of diameter o. 095 in. and length O. 1 - 0.125 in. In all "dry" runs, 
including those using graphite capsules, sleeves of boron nitride were 
placed between the outer talc sheaths and the inner graphite cy tinders of 
the furnace assemblages. The boron nitride, graphite, pyrophyllite and all 
ceramic components were dried for an hour at 1000°c in an argon atmos-
phere. After heating,the components were stored in desiccatoisand used 
within four days of drying. Addition of the boron nitride sleeves was 
mainly to prevent marked dehydration of the talc sheaths during the runs 
and thereby reducing the amount of water (or hydrogen) capable of entering 
the sample capsules. 
The graphite sample containers were small graphite cylinders 
(drilled out of solid graphite rods), O. 1 in. in length and O. 095 in. in 
diameter and closed at one end. The dried sample powder was slowly 
added and gently compressed by hand. A small graphite lid fits the top of 
the cy tinder. Graphite capsules cannot be sealed and the entry of small 
amounts of water into the experimental charges resulted in variable lower-
ing of the liquidus from run to run and was also responsible for the presence 
of minor amphibole in a number of near-solidus runs. The comparison of 
runs using graphite and platinum capsules under dry conditions showed 
consistent sequences of crystallisation with both containers but demonstrated 
uncertainty in the determination of solidus and liquidus temperatures using 
the graphite capsules. 
"Wet" runs were conducted using a simple talc sleeve 
-
,. 
' 
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surrounding the graphite furnace, the inner sleeve of boron nitride being 
dispensed with. Undried furnace components and sample powders were 
used. The nature and sequence of appearance of phases in both graphite 
and platinum capsules were mutually consistent. Small droplets of water 
were added to the capsules. The sample powder was then added and gently 
compressed. The platinum capsules were crimped but could not be sealed, 
so that in using either type of capsule the amount of water retained within 
the capsule during a run is unknown. In a few cases there was movement 
of Al2o3 and Si02-rich melt, probably from the pyrophyllite spacer, into 
the sample capsule. Runs were carried out using boron nitride spacers 
(undried) to eliminate this factor. As a further check, bulk analyses of 
the most important runs were carried out by microprobe traverses 
(5-10µ beam size) across the sample. The use of alternate capsule 
materials and furnace components and the analytical results obtained 
eliminate compositional change of the sample as the factor determining 
the nature of the crystalline phases formed in the experiments. 
Temperature was measured by a Pt - Pt 10% Rh thermocouple 
directly in contact with the platinum capsule. Where graphite containers 
were used a thin ceramic disc (0. 020 in. thick) of high temperature porcelain 
separated the capsule from the thermocouple bead. Contamination of the 
latter by sample leakage was, therefore, prevented. Variation of recorded 
temperature during a run was smaller than! 5°C. The temperature gradient 
0 
across the sample has been shown to be less than 10 C (T. H. Green, un-
published data; Green and Ringwood, 1967b). No correction has been made 
for the effect of pressure on the thermocouple E. M. F. Ignoring this latter 
factor, Green and Ringwood (1967a) estimated the precision of temperature 
measurement, when allowance has been made for temperature gradients, 
+ 0 . to be about - 15 C. In practice however, the relative errors in a series 
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of runs using platinum capsules were found to be much smaller than this. 
0 Thus experimental runs spaced 5 C apart and carried out using identical 
procedures were internally consistent and yielded reproducible results. 
Due to the access of variable amounts of water, such reproducibility could 
not be achieved using graphite capsules. Runs were quenched from temper-
ature to 200°c (or less) in less than 30 seconds by turning off the power to 
the furnace. 
In addition to the high pressure work, some experiments were 
carried out at atmospheric pressure. In partial melting runs , the charges 
were sealed in platinum tubes and suspended from a thermocouple probe held 
in an electric tube furnace. The temperature, as indicated by the thermo-
couple, varied within ! s0 c of the control point. At the conclusion of a 
run the charge was quenched by dropping into water. For the longer sub-
solidus runs , the charges were compacted into platinum capsules which were 
crimped at the ends , not sealed. The capsules were embedded in iron 
powder and wrapped in platinum foil. They were then placed in silica tubes 
which were evacuated and sealed. The above precautions prevented excessive, 
loss of iron to platinum and oxidation. 
Examination of the Sample 
Small portions of the sample were crushed and examined 
optically in refractive index liquids. This usually served to identify the 
phases present and the degree of melting. X-ray powder photographs were 
extensively used, especially in subsolidus runs , to identify and confirm the 
presence of certain phases - in particular, the occurrence of olivine in the 
presence of clinopyroxene. Estimates of the amounts of crystalline material 
present and the proportions of individual mineral species were made from 
optical and X-ray data. 
Provided water did not gain access to the charge, little 
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difficulty was experienced in quenching liquids to glass at pressures of 
18 kb or less , under "dry" conditions. In most of the highe r pressure 
runs, quench clinopyroxene occurred in varying amounts , often being very 
abundant. However this was generally readily distinguishable from primary 
crystals by its feathery or ribbed texture, by its uneven extinction and by 
higher refractive indices than any primary clinopyroxene present. Partial 
melting runs under "wet" conditions characteristically contain abundant 
quench amphibole, occurring either as medium-large, ragged grains with 
uneven extinction or as very fine grained feathery material. 
Several fragments of most of the partial melting runs were 
mounted in epoxy resin and polished (by E. Pederson, A. N. U.) for use with 
the electron microprobe. These mounts were also examined optically and 
further estimates were made of the proportions of phases present. These 
polished surfaces were excellent for showing the form and distribution of 
the primary phases , the quench material and the glass. Slight differences 
in hardness and reflectivity were adequate to enable the phases to be clearly 
distinguishable in reflected light. In subsolidus runs the crystal size was 
too small for successful quantitative analysis. 
Microprobe Methods and Calibration. 
In runs in which crystals were large enough, quantitative 
analyses of the crystals were carried out using an electron probe micro-
analyser (Applied Research Laboratories , model E. M. X. ). Analyses of 
the actual crystal phases present in the partial melting runs enabled detailed 
calculation of fractionation trends. 
The techniques employed were similar to those described by 
Green and Ringwood (1967 b). Sample fragments from selected experi-
mental runs were mounted in epoxy resin discs and carefully polished to a 
metallographic finish. The mounts were vacuum coated with carbon to give 
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a surface conducting layer. The experimental charges and the standards 
used for calibration were not coated at the same time so that the unknowns 
and standards may not have identical thicknesses of carbon coating. 
Smith (1965) reported the effects of varying thicknesses of carbon coating 
on the absorption of Ca and Al K-radiation. He concluded that, in routine 
work, comparison of different specimens coated on different occasions , 
but with coats of similar thickness (determined by visual comparison) should 
not lead to more than a 1 % error in readings. The mounts were placed in 
brass specimen holders. Electrical contact between the carbon coated 
surface of the specimen and the brass holders was ensured by applying a 
film of aquadag across the points of contact. 
The electron beam of the microprobe was focussed to 
approximately 1µ diameter , giving a volume of analysis of 2-3 µ diameter 
and similar depth. An accelerating voltage of 12 Kv, emission current of 
60-100 m A and a specimen current of O. 05 - 0. 06 micro-amps were used. 
Spot analyses were made at intervals of 1 - 10 µ. Analyses were carried 
out for a constant specimen current count (30 , 000). K radiation was used. 
QI 
Some polished sections were also analysed for certain elements (Fe, Al, Si) 
as a check on any change in the bulk composition of the charge. In such 
cases the electron beam was defocussed to a diameter of approx. 10µ. 
Continuous traverses were used rather than spot analyses. 
No corrections have been made for specimen current fluctuations. 
In practice these variations were found to be minor - large fluctuations would 
have been picked up from the times recorded for the analyses. Corrections 
for inter-element, matrix absorption and fluorescence effects were also 
not made. Instead calibration curves were prepared from probe counts on 
glasses and crystals of known composition and the oxide contents of the 
phases being analysed read directly from these. The standards comprised 
a series of aluminous enstatite and clinopyroxene glasses of variable 
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composition, prepared by D. H. Green and T. H. Green, a series of glasses 
of natural rock compositions ranging from melilite nephelinite to dacite 
(prepared by T. H. Green) and a number of analysed olivine and garnet 
crystals. It was assumed that, by using standards with elemental distri -
butions close to those of the phases being analysed , the above factors not 
taken into account when determining oxide percentages, would effect probe 
counts on the standards to similar degrees as counts on the crystals of 
unknown composition and therefore could be neglected. 
Wherever possible at least 5 different crystals of a particular 
phase were analysed. The number of point analyses on a particular crystal 
varied depending upon crystal size. All the analyses for a particular phase 
in any one mount were averaged to give the final result. In this way 
inaccuracies due to primary or secondary X-ray excitation by the electron 
beam outside the crystal phase and due to possible inhomogeneities in the 
crystals themselves , were minimised. Up to 4 cycles of analyses for 
some phases (clinopyroxene, garnet) were carried out, in order to analyse 
for up to 7 major elements. The chief drawback with such a procedure 
was that the same crystals and glass areas were not always analysed in 
each cycle. However apart from iron loss to platinum near the edge of the 
sample, the composition of both crystals and glass was quite homogeneous 
so that this was not a serious problem. During analysis of crystals in the 
high pressure runs , frequent reanalysis of several standards provided a 
means of monitoring machine drift. 
Since in most cases the analyses of crystals were only partial 
analyses , the compositions of orthopyroxenes, olivines and garnets were 
calculated assuming stoichiometry of the crystals and considering the major 
solid solution end members only. Olivine was calculated as Fo, Fa, and 
La (larnite) solid solution, orthopyroxene as En, Fo, Wo and Al2 0 3 solid 
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solution and garnet as grossular, almandine and pyrope solid solution. 
The latter calculation gave calculated Al2o 3 contents which compared 
quite closely with the measured Al2o 3 contents, particularly since p/* 
was assumed to be zero. Clinopyroxene was calculated (from values 
obtained with the probe) as En, Fo, Wo, Jd and Al2o 3 solid solution. 
Practically all analyses for Na2 0 had to be carried out using 
a bery Ilium window on a KAP spectrometer crystal. Consequently very 
low count rates were obtained when analysing for Na K radiation. The 
a 
lowest level for detection of Na2o above background was O. 3% (T. H. Green, 
unpublished data). Reanalysis of a number of clinopyroxenes since the 
recent installation of a lead stearate spectrometer crystal with a very thin 
nitrocellulose window - a much more sensitive system for the detection 
of Na (count rates much higher) - demonstrates that the Na2o contents 
determined using the KAP spectrometer crystal are consistently lower than 
those determined using the lead stearate spectrometer crystal (at least in 
the range 1 - 2% Na2 0 ). The Na2 0 contents of the clinopyroxenes selected 
for reanalysis are listed in Table 4. The differences in Na2 0 contents 
however, are not sufficiently great as to markedly effect the nature of the 
fractionation trends or the compositions of the residual liquids, based on 
calculations involving clinopyroxenes whose Na2o contents were determined 
using the KAP spectrometer crystal. 
Taking into account the rapid method of analysis adopted, the 
generally low count rates and the frequent small size of the crystals analysed, 
it is considered that an overall relative accuracy of the order of 5% of the 
amount present was obtained for analyses of FeO, Cao, MgO, K20, Ti02, 
Al2o 3 and Si02 and around 10% for Na2o determined using the KAP spectro-
meter crystal or around 5% using the lead stearate spectrometer crystal 
Thus, when the analyses of these major elements are totalled, figures in 
TABLE 4. Partial reanalyses of selected clinopyroxenes checking Na2o 
contents after the installation of a Lead Stearate spectro-
meter crystal. Previously a KAP spectrometer crystal was 
used. CaO redetermined at the same time on another channel. 
Na2 0 Content 
Run No. KAP Lead Stearate 
848 2. 6 2.6 
1025 1. 0 1. 2 
1062 1. 3 1. 6 
1061 1. 6 1. 6 
1082 1.4 1. 7 
1020 1. 0 1. 2 
1030 1.1 1. 2 
Cao content 
(Li F spectrometer crystal) 
Old Analysis New Analysis 
13.4 
14. 0 
14.0 
13. 5 
15. 0 
13.2 
13. 9 
13. 9 
13. 5 
14.7 
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the range from 95-105% are considered to be reasonable. This is 
sufficiently accurate for the purpose of indicating fractionation trends of 
the major elements in certain magmas at high pressures - the main aim 
of this experimental project. Green and Ringwood (1967b) considered that 
+ the determination of FeO, CaO, Al2 0 3 was accurate to - O. 2 wt. percent 
on large homogeneous samples (i.e., approx. 2%, 10%, 2% respectively 
of the amounts present) in the compositional range in which they were 
working. The limit of detection of CaO and Al2 0 3 with the methods used 
was 0.1% Cao and o. 2% Al2o 3 (Green and Ringwood, 1967b). Similar 
limits have been assumed by the author. Table 4 gives an indication of 
the reproducibility of CaO contents in clinopyroxenes from high pressure 
runs conducted by the author. The reanalyses were carried out at least 
six months after the original analyses had been completed. There are no 
significant differences between the two sets of readings. 
The Problem of Changes in Iron Content and Oxidation State 
1. Loss of iron to the platinum sample containers. 
Yoder and Tilley (1962) pointed out that one of the principal 
problems in the investigation of iron-bearing compositions is finding a 
suitable container. The main disadvantage with platinum is loss of iron 
from the sample to the container during the run. The iron is lost by diffusion 
and goes into solid solution in the platinum. Hence iron loss is chiefly 
dependent on temperature and length of the run. 
3 FeO 
- Fe+ 
solid solution 
in platinum 
The chemistry of the sample, therefore, does not remain 
constant during a run. The platinum container takes part in the reaction, 
TABLE 5. Duration of Run using Platinum Sample Containers. 
0 
Run Time (mins.) Temperature ( C) 
< 1300 60 
1300-1340 50 
13 50-1390 40 
1400-1440 30 
1450 -1 500 20-15 
1510-1540 15-10 
> 1540 10-5 
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removing some iron from the sample as well as oxidising a portion of 
the iron remaining. It would appear, therefore, that equilibrium cannot 
be achieved in a platinum capsule at the same FeO/ Fe2o3 r atio as that 
of the initial composition. Microprobe analyses of Green and Ringwood's 
(1967 b) samples revealed a range in the Mg/Mg+ Fe contents of crystals. 
Crystals which formed near the edge of the experimental charge (i. e. , 
adjacent to the platinum capsule) were more magnesian than those at the 
centre. The former also often possessed cores that were more iron-
rich than the rims. Similar features were observed in many of the samples 
examined by the author. Olivine crystals show such zoning particularly 
well Green and Ringwood attributed the zoning to the gradual loss of 
iron from the sample to the platinum container with the result that outer 
zones of crystals either maintained equilibrium with the changing liquid 
composition while crystal cores did not or, alternatively, the outer zones 
of crystals grew during the latter part of the experimental runs. 
It is obvious that, in order to minimise iron-loss, experi-
mental runs should be as short as possible, yet adequate for the proper 
phases to develop. The above table (Table 5) was derived from information 
provided by Green and Ringwood (pers. comm.; 1967 b). In a series of 
experimental runs on more saturated basaltic compositions, at varying temp-
eratures and pressures, they found that in most cases "equilibrium " 
conditions were attained in runs of the above durations. However the 
author found, under very high P-T conditions (around 36 kb, 1600° C; 
5 minute runs), that the liquidus temperatures and liquidus phase of the 
olivine nephelinite could not be determined satisfactorily. Problems were 
encountered in quenching the sample and in obtaining reproducible results. 
Also garnet is known to be a mineral that is slow to nucleate (Green and 
Ringwood, 1967a). Consequently there was always the possibility in the 
high P-T runs of around 5 minutes duration that the absence or near-
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absence of garnet from among the liquidus phases may simply have been 
due to insufficient time for nucleation. The writer was uncertain, there-
fore, where very short run times were used, whether equilibrium, or 
more correctly near-equilibrium, conditions had been attained. For 
this reason graphite capsules were used in very high P-T runs. These 
allowed the runs to be held at the desired temperatures for relatively long 
periods of time, iron loss being no longer a problem. 
Most of the subsolidus experiments were carried out at 1100 ° C. 
Runs were generally of 4 hours duration. Green and Ringwood (1967a) 
conducted a series of experimental runs at 1100 ° C on a quartz tholeiite 
composition. Run times were variable. Their results indicated that runs 
of 4-6 hours duration were adequate for the attainment of "equilibrium". 
It seems reasonable, therefore, to assume that for similar run times 
"equilibrium" would also be achieved in the composition studied by the 
writer. 
2. Use of graphite capsules. 
A number of experimental runs using graphite sample containers 
were conducted on the olivine nephelinite and the resultant mineralogical 
assemblages compared with those obtained using platinum capsules under 
similar P-T conditions. It was found that the mineral assemblages in 
samples from the two different capsules were virtually the same. The 
presence of minor amphibole in some samples from graphite capsules 
resulted from the entry of small amounts of water during the runs. Entry 
of water is also the main reason for liquidus temperatures being lower 
in runs using graphite capsules than in those using platinum. 
Similarly a series of runs using platinum containers were 
conducted on the picritic nephelinite to monitor the results obtained using 
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graphite capsules. Here again, liquidus temperatures in runs using the 
former were consistently higher than in those using the latter. Also 
garnet is suspected to appear at slightly lower pressures if graphite 
capsules are used, rather than platinum. However any significant 
differences between the mineral assemblages obtained using platinum 
sample containers and those using graphite can be attributed to the presence 
of water in the graphite runs. Results obtained from wet runs, using both 
platinum and graphite capsules, indicate that the occurrence of ortho-
pyroxene, garnet and amphibole is due to the entry of water, not to 
to .... rc o~ ~~11'>1ib 
differences in the · · of the experimental charges from platinum 
and graphite capsules. 
From the results obtained, therefore, it appears that loss 
of iron to platinum is not a major factor in modifying the nature of the 
crystalline phases in the experimental runs. However , the compositions 
of the crystalline phases are effected to some extent. Microprobe analyses 
show that under similar pressure conditions, liquidus or near-liquidus 
phases crystallising from charges contained in graphite capsules are 
invariably more iron-rich (i. e. , possess lower Mg/ Mg + Fe ratios) than 
similar phases crystallising within platinum capsules. 
Cohen, Ito and Kennedy (1967) found that experimental runs 
on an anhydrous basalt composition, carried out in platinum capsules, 
showed poor reproducibility, inhomogeneity and wide variation in the 
R. I. of glasses formed. Such features lead them to state (p. 482) that 
"studies of basalts crystallised in platinum at high pressures and temper-
atures may not be relied upon". The results obtained by the author, at 
0 least up to pressures around 30 kb and temperatures around 1550 C are 
in direct conflict with such a statement. Results are reproducible. 
Furthermore, they are in excellent agreement with those obtained using 
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graphite capsules especially if allowance is made for the presence of 
small amounts of water in the latter. For very short run times at 
0 pressures around 36-40 kb and temperatures of 1550-1600 C, the above 
statement may be justified. The author found it virtually impossible to 
detect t he liquidus in the olivine nephelinite at 36 kb using platinum 
capsules. 
Cohen, Ito and Kennedy used iron capsules in their work 
on basalt, to control the oxidation state of iron. They found that iron 
enrichment in the basaltic charge from the iron capsule was limited to the 
very edge of the sample. Furthermore1they observed that results of 
experimental runs in graphite capsules and runs in iron capsules were 
consistent with each other. No significant differences in the FeO contents 
of olivines from runs conducted in graphite and iron containers were 
found. 
Graphite sample containers were used in runs involving 
the olivine nephelinite under high P-T conditions and were adopted almost 
exclusively for the other compositions. As discussed above the advantage 
in using graphite capsules is that loss of iron from the sample to the 
container is no longer a problem. Consequently runs can be of much 
longer duration and equilibrium is therefore, more likely attained. 
However, while iron loss has been eliminated, analyses of experimental 
charges reveal that the oxidation state of the iron changes during runs. 
Both analyses show significant increases in Fe2o3 • Normatively speaking, 
oxidation causes the sample composition to become more saturated, i.e., 
normative olivine and nepheline decrease and normative albite increases. 
The main disadvantage with using graphite containers is 
that they cannot be sealed. Water from the dehydration of the outer talc 
sheath of the furnace assembly was able, therefore, to gain access to the 
TABLE 6. Loes of Iron and change In Oxidation Stale during Experimental Runs 
Run No. Composition Conditions FeO 
Fe2o3 
Total Fe as Fe2 0 3 % Fe (as Fe2~) loes Temp. Pressure Time Capsule Initial Final Initial Final Initial Final 
(oq (kb) (mina) 
819 D Olivine Nephelinlte 1400 22. 5 30 Pt 9. 7 5. 5 o. 5 2. 3 11. 3 8.3 25 
812 D Olivine Nepbelinlte 1500 27 20 Pt 9. 7 4. 5 o. 5 I. 3 11. 3 6. 3 44 
839 D Olivine NepbeUnlle 1600 36 5 Pt 9. 7 6. 3 o. 5 I. 3 11. 3 8. 3 27 
836 D Olivine Nepbelinlte 1520 36 15 Pt 9. 7 5. 6 o. 5 2. 5 11. 3 8. 7 23 
852•0 Olivine Nepbelinlte 1415 22, 5 60 Gr 9. 7 7. 9 o. 5 2. 2 11. 3 11. 0 3 
846•0 Olivine Nepbelinlle 1520 36 60 Gr 9. 7 6. 4 o. 5 2. 5 11. 3 9. 5 16 
A 16 D Olivine Nepbelinlte 1100 I Atmoe. 240 Pt 9. 7 6, 9 o. 5 I. 5 11. 3 9.1 19 
802 D Olivine Nepbelinlte 1100 13. 5 240 Pt 9. 7 7. 5 o. 5 I. 9 11. 3 10. 2 10 
813 D Olivine Nepbelinlte 1100 22. 5 240 Pt 9. 7 6. 8 o. 5 2. 2 11. 3 9. 7 14 
820 D Olivine Nepbelinlle 1100 24. 8 240 Pt 9. 7 7. 1 o. 5 2. 7 11. 3 10. 6 6 
840 D Olivine Nepbelinlte 1250 36 120 Pt 9. 7 6. I o. 5 2. 9 11. 3 9. 6 15 
1312;, W Olivine Nepbelinlte 1280 18 15 Pt 9. 7 4.4 o. 5 I. 6 11. 3 6.4 43 
1129 D Ptcrltic NepbeUnlte 1470 22. 5 5 Pt 10. 8 8. I I.I I. 6 13, 0 10. 6 18 
1126 D Ptcrltic Nepbelinlte 1470 22. 5 15 Pt 10, 8 8. I I.I I. 7 13. 0 10. 7 18 
1124 D Plcrltic Nepbelinlte 1450 22. 5 20 Pt 10. 8 7. 9 I.I I. 6 13. 0 10. 5 19 
1132 D Plcrltic Nepbelinlte 1525 27 10 Pt 10,8 7. 8 I. I I. I 13, 0 9.8 25 
1131 D P lcrltic Nepbelinlte 1510 27 10 Pt 10.8 7. 2 I.I 2. 6 13. 0 , 10. 6 18 
1137 D Plcrltlc Nepbelinlte 1480 27 15 Pt 10.8 7. 9 I. I I, 2 13. 0 10. 0 23 
1211 W Ptcrltlc Nepbelinlte 1190 18 15 Pt 10. 8 7, 6 I. I 2. 4 13, 0 10.8 17 
1216 W Plcrltlc Nephelinlte 1270 18 15 Pt 10. 8 7. 7 I.I 3, 0 13, 0 11. 6 11 
119s"w Ptcrltic Nepbellnlte 1260 27 60 Pt 10. 8 2.1 I. I I. 3 13. 0 3, 6 
120s"w Ptcrltlc NepbeUnlte 1270 27 15 Pt 10. 8 2. 6 I.I 2. 0 13, 0 4. 9 
1209;, W Plcrltlc Nepbelintte 1200 22, 5 15 Pt 10. 8 5. 3 I. I 2. 2 13. 0 8. I 
Analyst: E. Kiss, Department of Geophysics and Geocbe mlstry, A, N. U. 
• Samples contaminated by small quantities of graphite 
" 
Low values partly due to platinum contamination. 
Abbrevlatiooa used: D - dry run, W - wet run, Pt - platinum, Gr - graphite, 
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samples. This was confirmed by the occurrence of minor quantities of 
amphibole in many runs. The amount of water entering the capsules varies 
at random. It was not uncommon for a run to be more crystalline 
0 0 
than one conducted at a recorded temperature some 5 C - 10 C lower. 
This was taken to indicate that a smaller amount of water gained access 
to the former than the latter. As a result, the liquidus temperature of 
the latter was lower. The entry of water into "dry" graphite runs on the 
picritic nephelinite composition also resulted in the occasional crystall-
isation of orthopyroxene - a phase that did not occur in "dry" platinum 
runs carried out under similar P-T conditions. 
3. Oxidation state of samples after experimental runs. 
Semi-micro chemical analyses for FeO and Fe2o3 were 
carried out by E. Kiss (analyst, A. N. U.} on 1 - 5 mg samples from 
some of the experimental runs. For the partial melting runs loss of 
iron (calculated as Fe2o3 } to platinum, in most cases averaged from 
18-25% of the total iron present. Loss of iron in subsolidus experiments 
is less than partial melting experiments despite the fact that the former 
are of much longer duration. It is apparent that iron loss to platinum 
is strongly temperature and to a lesser extent, time dependent (Table 6). 
In most of the samples analysed by Green and Ringwood 
(1967 a, b) slight overall reduction occurred. Accordingly, they suggested 
that, at high temperatures, the presence of the graphite furnace in contact 
with water released by dehydration of the outer talc sheath, caused the 
environment within the furnace sleeve to be a reducing one as hydrogen 
may readily diffuse through the platinum capsules. In contrast to their 
results, of the samples of olivine nephelinite and picritic nephelinite 
analysed, practically all show moderate increases in Fe2o3 content, 
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including those crystallised under wet conditions. None show reduction 
in the amount of Fe2 0 3 present. Apparently oxidising conditions existed 
within the sample capsules during these runs. Analyses indicate that 
oxidising conditions also prevailed during the runs in which graphite 
sample containers were used instead of platinum. The low iron values 
obtained were due to contamination of the samples. It was virtually 
impossible to separate the graphite entirely from the experimental 
charges. 
It may be significant that the Fe2o3 contents of the mixes , 
studied experimentally by the author, are very low whereas the initial 
Fe2 0 3/ FeO ratios of the basaltic compositions examined by Green and 
Ringwood (1967a, b) are generally higher. It is possible that for the 
experimental runs there exists a certain optimum Fe2 0 3/ FeO ratio 
towards which the compositions trend, either reduction or oxidation taking 
place to attain this ratio. The final Fe2 0 3 / FeO ratios of the experimental 
charges from the nephelinitic and basanitic compositions studied by the 
author do not differ greatly from those obtained by Green and Ringwood 
in their compositions. 
4. Effect of iron loss and change in oxidation state on the composition 
of the experimental charges. 
Increases in Fe2o3 and decreases in FeO contents result 
in slight to moderate increases in the normative albite contents of the 
experimental charges and slight decreases in normative nepheline and 
olivine (Table 7). The samples are, therefore , slightly more saturated 
than the original compositims . However despite the changes in compos-
ition, the chemistries of the samples are such that they still lie fairly 
close to the basanite-nephelinite boundary (normatively speaking) even in 
TABLE 7. Effect of Iron Loss and Change in Oxldation State on Composition of Sample 
OUVINE NEPHEUNJTE Pl CRITIC NEPHElJNIT E 
Composition Initial Comp. Run A16 Run 802 Run 813 Run 852 Run 819 Run 812 Initial Comp. Run 1126 Run 1131 Run I 132 
Si02 44. 3 
45. 2 44 . 7 44. 9 44. 3 45. 5 46, 5 43. 7 44. 7 44 . 7 45. 2 
Ti02 
] , 5 I. 5 I. 5 I. 5 ], 5 I. 5 ], 6 I. 3 ], 3 I. 3 I. 3 
Al20 3 
14. 2 14. 5 14. 3 14. 4 14. 2 14. 6 14. 9 12. 3 12. 6 12. 6 12. 7 
Fe2o 3 o. 5 
I . 5 I. 9 2. 2 2. 2 2. 3 I. 3 I. I I. 7 2. 6 I.I 
FeO 9. 7 6. 9 7. 5 6. 8 7. 9 5. 5 4. 5 10. 8 8.1 7. 2 7. 8 
Moo o. 2 o. 2 o. 2 0. 2 0. 2 o. 2 o. 2 0.2 o. 2 o. 2 o. 2 
MgO 13. 3 13. 6 13. 4 13. 5 13. 3 13. 7 14. 0 17. 0 17. 4 17. 4 17. 6 
CaO 11. 2 11.4 11. 3 11. 3 11 . 2 11. 5 I I. 7 9. 7 9. 9 9. 9 10. 0 
Na2o 3. 6 3. 7 3. 6 3. 6 
3, 6 3, 7 3. 8 2. 7 2. 8 2. 8 2. 8 
K20 I. 0 1. 0 I. 0 I. 0 I. 0 I. 0 I. 0 0. 8 
0. 8 0. 8 o. 8 
P205 o. 5 o. 5 o. 5 o. 5 0. 5 o. 5 o. 5 0. 4 0. 4 0. 4 o. 4 
-- -- -- -- --
-- -- -- -- -- --
100. 0 100. 0 99. 9 99. 9 99. 9 100. 0 100. 0 100. 0 99. 9 99. 9 99.9 
'l Fe(ae Fe2 0 3) lose 19 10 14 3 25 44 18 18 25 
Ci P W Norms 
Or 6. I 6. I 6. I 6. 1 6. I 6. I 6. I 4. 5 4. 5 4. 5 4. 5 
Ab 2. 0 5.2 5. 2 6.2 4. 5 6. 8 8. 2 3. 4 7. 8 8. 9 8. 4 
Ne 15. 3 14. 2 13. 7 13. I 14. 0 13. 3 12. 9 IO. 6 8. 6 8. 0 8. 3 
An 19.4 19. 7 19. 7 20. 0 19. 4 20. 0 20. 5 19. 2 19. 7 19. 7 20. 0 
Di 26. 4 26. 5 26, I 25. 7 26. 2 26. 4 27. I 21. 7 21. 2 21. 2 21. 2 
01 25. 9 21. 9 22. 3 21. 4 22. 4 19. 9 19. I 35. 7 32. 2 30. 5 32. 5 
Ap I. 3 I. 3 1. 3 I . 3 I. 3 I. 3 I. 3 I . 0 I. 0 I. 0 I. 0 
11 2. 9 2. 9 2. 9 2. 9 2. 9 2. 9 3. 0 2. 4 2. 4 2. 4 2. 4 
Mt o. 7 2.0 2. 8 3,2 3. 2 3. 2 I. 9 I. 6 2. 6 3. 7 I. 6 
- -- -- -- --
- - -- --
100. 0 99.8 100. I 99. 9 100. 0 99. 9 100.1 100. I 100. 0 99. 9 99. 9 
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the case where 44 % of the total iron was lost. Calculations, assuming 
7 5% loss, show that the picritic nephelinite would only change in com-
position to an olivine-rich basanite still containing abundant normative 
nepheline. The author, therefore , believes that the observed changes in 
iron content and oxidation state are not so great as to result in significantly 
different crystallisation behaviour in the experimental charges compared 
with the ideal compositions. 
Compositions of sample charges, recalculated using 
analysed FeO and Fe2o3 values are shown in Table 7. Many of these 
compositions, especially those derived from the picritic nephelinite, are 
very similar to the initial olivine basanite composition. Minor ortho-
pyroxene was crystallised from the latter at 18 kb under "dry" conditions , 
using graphite capsules ( - assuming some oxidation, the composition of 
the actual charge would be slightly more saturated than the original). 
However orthopyroxene was not crystallised from the "dry" olivine 
nephelinite (using mainly platinum sample containers) under any P-T 
conditions, but does occur in a couple of runs on the picritic nephelinite 
(using mainly graphite capsules) at 22. 5 kb. At first sight one would 
therefore suspect that in the latter, appreciable oxidation of the sample 
was responsible for the development of orthopyroxene. However the 
similarities between the orthopyroxene-bearing assemblages and those 
obtained later by crystallisation under wet conditions, are taken by the 
author to indicate that the presence of water was the major factor leading 
to the formation of orthopyroxene in both cases. 
36. 
CHAPTER 3 
SUBSOLIDUS EXPERIMENTS ON THE OLIVINE NEPHELINITE 
COMPOSITION UNDER "DRY" CONDITIONS 
Introduction 
Investigations of subsolidus assemblages in a range of basic 
and ultra-basic compositions, under varying P-T conditions have been 
carried out by a number of people, including Yoder and Tilley (1962), 
Green and Ringwood (1967 a, c), Cohen, Ito and Kennedy (1967), Ito and 
Kennedy (1967). However, the olivine nephelinite composition studied by 
the author is much more undersaturated than any of the previously investi-
gated basaltic compositions. As the principal aim of the project was to 
determine the existence (or otherwise) of fractionation processes capable 
of p r oducing highly undersaturated residual liquids of olivine melilite 
nephelinite, melilite nephelinite, olivine melilitite etc. composition from 
magmas of olivine basanite or olivine nephelinite chemistry, work was 
concentrated mainly on partial melting experiments. The nature of the 
subsolidus assemblages in the undersaturated compositions studied, 
commanded little attention. Therefore, while the results obtained provide 
additional data on the behaviour of basaltic rocks at high pressures, many 
more runs at smaller pressure intervals and runs on other compositions 
would have to be carried out in order to separate, and evaluate the roles 
of, the various component reactions. 
Experimental Results 
The details of the experimental runs in the 0-36 kb range 
on the olivine nephelinite composition are given in Table 8. The changes 
in mineralogy with increasing pressure are shown diagrammatically in 
fig. 4. The presence of minor mica in the high pressure assemblages has 
not been recorded in this diagram. 
Conditions of the Run 
Run No. Pressure Temp- Time 
erature 
(kb) ( OC) (hrs) 
Al6 l Atmos. 1100 4 
Al7 l Atmos, 1000 24 
824 4. 5 1100 2 
796 9 1100 4 
802 13. 5 1100 4 
792 18 1100 4 
813 22. 5 1100 4 
820 24.8 1100 4 
799 27 1100 4 
840 36 1250 2 
805 36 1100 4 
TABLE 8, Details of Subeolidus Experiments on the OUVJNE NEPHEUNITE composition under DRY CondJtions. 
Phases Present Comments 
Rune Conducted using Platinum Sample Containers 
01• + ~ + Pl + Glass ? 
.Q! + ~ + P..!_ 
Q! + ~ + ~ + ~ + Glass ? 
.Q! + 9!!! + Pl + §£ + Glass ? 
01 + ~ +.§I! 
01 + ~ +§I!. 
21!!! + §£ + Ml 
£I!!!... + .§1? + Ml 
£1!!!....+ ~ + ~+ Ml 
~ + Gil + .§1? + Ml ? 
.Q! + ~ + Q!_ + §I!. + Ml 
Very fine grained. Abundant olivine. 
Similar to run Al6, 
Major amounts of low R. l. material (approx. 40%), Pyroxene"amoei>a and small euhedral grains 
of olivine also very common. Rare spine! with rectangular habit. 
Abundant anhedral pyroxene with some eubhedral olivine In a common intergranular low R. L 
phase. Appears to be too abundant to be all plagloclaee in relation to the weak plagloclase 
reflections on the X-ray powder photograph - probably partly glass. Olivine appears to have 
decreased compnred to the 4. 5 kb run. 
Cpx the major phase (as emall'amoeba). Minor olivine. 
Abundant large Cpx ·amo~ Greenish coloured spine! as small, well distributed grains. Olivine 
uncommon. 
Predominant clinopyroxene 'amoe~ Minor mica. 
Similar to run 813 - mica not as abundant. 
Small pyroxene ·amoeba·, dominant. Large, eubedral gralne of garnet also common. 
Eubedral-anhedral pyroxene common. Abundant large garnet eubedra with numerous small 
Inclusions. Minor email, eubedral splneL 
Similar to run 840 - garnet not as abundant. Minor olivine. 
• Presence of underlined phase confirmed by X-ray data. 
Abbreviations used: 01 • olivine, Cpx • clinopyroxene, Ga • garnet, Sp • spine!, Pl • plagloolaee, Ml • mica. 
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In the subsolidus assemblages, clinopyroxene occurs as 
fine grained anhedral aggregates showing moderate birefringence while 
olivine characteristically occurs as small discrete, euhedral crystals 
with higher birefringence. Plagioclase forms amoeboid interstitial patches 
with refractive index much lower than clinopyroxene or garnet and appearing 
isotropic. Garnet is very distinctive optically because of its high refractive 
index and high relief. It generally occurs as rounded or subhedral grains 
with numerous small inclusions. Grainsize is usually much larger than 
that of any coexisting crystalline phase. Spinel typically occurs as small, 
greenish coloured, isotropic grains with very high relief and rectangular 
habits. Mica could not be identified by optical means. Identification 
depended upon X-ray data. The presence of minor amounts of glass in 
some of the subsolidus runs is attributed to the lowering of the minimum 
melting temperature to below 1100°c due to the entry of small amounts of 
water into the sample capsule. 
Discussion of Experimental Results 
1. The absence of nepheline. 
The crystallisation of plagioclase rather than nepheline 
at low pressures is a noteworthy feature of the olivine nephelinite compos-
ition which is characterised by moderately high normative nepheline and 
anorthite contents and a very low albite content. There are a number of 
factors that could contribute to the non-appearance of nepheline. These 
include : -
(a) The presence of minor glass 
It is quite possible that the subsolidus runs at low -
moderate pressures contain minor amounts of glass. A temper-
ature of 1100 ° C is not far below the estimated solidus temperatures 
at these pressures (see fig. 4). Consequently the presence of 
minor amounts of water could easily cause solidus temperatures 
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0 
to be depressed below 1100 C. Small quantities of interstitial 
glass would be virtually impossible to detect especially with 
plagioclase present. Low melting point fractions such a s nepheline 
would be concentrated in any glass that is present. 1 
(b) Loss of iron to the platinum container and oxidation of the sample. 
Iron is lost from the samples to the platinum capsules during 
experimental runs. At 1100°c, iron loss usually averages around 
10-15% of the total iron present (calculated as Fe2o 3 ; Table 6). As 
indicated in Table 7, a 14% iron loss causes the Si0
2 
content of the 
sample to increase from 44. 3% to 44. 9% and normative albite from 
2% to 6. 2 o/0o Normative nepheline decreases from 15. 3% to 13. 1 %. 
Analysed FeO and Fe2o3 values (E. Kiss, analyst) were used in 
the calculation. In the 1100°c run at atmospheric pressure, 19% of 
iron was lost. As a result the SiO 2 content of the sample would 
have increased to 45. 2 o/0o Normative calculations (using chemically 
determined FeO and Fe2 0 3 values) show that normative albite 
would have increased to 5. 2% and nepheline decreased to 14. 2% 
(Table 7). As well as loss of iron to platinum the chemical analyses 
indicate slight increases in the Fe2o3 contents of the sample charges. 
Minor oxidation causes normative olivine and nepheline to decrease 
slightly and albite to increase. However, while iron loss and oxidation 
do give rise to slightly more saturated compositions and thereby 
favouring the formation of plagioclase at the expense of nepheline, 
the author does not believe that the non-detectability of nepheline in 
subsolidus runs at low pressures is due entirely to iron loss and 
oxidation. Even with an iron loss of 44 %, the olivine nephelinite 
still contains approx. 13% normative nepheline (Table 7). 
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(c) Pyroxene solid solution. 
If the clinopyroxenes occurring in the subsolidus assemblages 
t ~";°l'C"'O.,vt. 
at atmospheric pressure already contain Ca-Tschermak's ---
in solid solution, then the non-appearance of nepheline in detectable 
quantities at low pressures can be explained fairly readily. A number 
of people including Yoder and Tilley (1962) have pointed out that most 
of the normative anorthite content of a nephelinite or olivine nephelinite 
must be incorporated in the clinopyroxene as Ca-Tschermak's com-
ponent. Natural clinopyroxenes rich in Al2o3 
and CaO (i.e., rich 
in the CaA12Si06 molecule) have been described by Tyler and King 
(1967) from the alkaline igneous complexes of eastern Uganda. 
Many are from ijolites (plutonic equivalents of nephelinites) and 
all can be assumed to have been stable under low pressure conditions. 
Segnit (1953} determined experimentally the limit of solid solution 
of CaA12Si06 in CaMgSi20 6 to be 25 mol. % (equivalent to approx. 
11. 4% Al2o3 in the clinopyroxene) under atmospheric pressure 
conditions. It, therefore, seems quite reasonable to postulate 
that the clinopyroxenes crystallised from the olivine nephelinite 
at atmospheric pressure are already fassaitic. The following 
equation is considered to represent the main reaction at atmos-
pheric pressure and to be chiefly responsible for the elimination 
of nepheline to below the limits of detection :-
anorthite diopside nepheline 
;::== nCaMgSi20 6 • 2CaA12Si06 
diopside + Ca - Ts 
ss 
+ 
mCaA12Si20 8 • NaA1Si30 8 
plagioclase 
ss 
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2. Mineral reactions in the pressure interval 0-13. 5 kb. 
0 Up to pressures around 9 kb (at a temperature of 1100 C) 
the olivine nephelinite crystallises essentially to a gabbroic assemblage 
+ 
comprising olivine+ clinopyroxene + plagioclase - spinel. Spinel was not 
detected in atmospheric pressure runs. Optically determined abundances 
and comparison of X-ray intensities indicate that plagioclase and olivine 
progressively decrease with increasing pressure, while clinopyroxene 
increases. Spinel appears to increase very little in abundance after its 
initial detection at 4. 5 kb. At 13. 5 kb plagioclase is not detectable. It is 
inferred that the decrease in plagioclase is the result of increasing solubility 
of Al2o3 in the clinopyroxene according to the idealised reactions :-
2. Mg2Si04 + CaA12Si2o8 CaMgSi2o6 + MgA12Si06 
olivine anorthite diopside Mg-Ts 
ss 
3. 2Mg2Si04 + CaA12Si2o8 CaMgSi20 6 + 2MgSi03 
olivine anorthite diopside enstatite 
+ MgA12o4 
spinel 
In reaction 2 olivine and plagioclase combine in a weight ratio of 
approximately 1 / 2. If the above reaction is important one could anticipate, 
in a system capable of crystallising abundant olivine and plagioclase at 
atmospheric pressure, the early disappearance of the latter with increasing 
pressure and the persistence of olivine to higher pressures. Such is the 
case with the olivine nephelinite. Note the production of Mg-Tschermak's 
silicate rather than Ca-Tschermak's silicate. It is thought that the clino-
pyroxene is fairly rich in Ca-Tschermak's silicate even at atmospheric 
pressure and that the decrease in olivine with increasing pressure is mainly 
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due to the formation of MgA12SiO 6 solid solution in the clinopyroxene. 
Segnit (1953) determined the limit of solid solution of MgA12SiO 6 in 
CaMgSi2o6 at 20 mol. % under atmospheric pressure conditions. With 
increasing pressure one would expect the limit of solid solution to increase. 
Reaction 3 is probably responsible for the appearance of 
spine! in the 4. 5 kb and 9 kb runs. However the reaction is not considered 
to play a very important role in the pressure interval 4. 5 - 9 kb, for a 
number of reasons. Firstly olivine and plagioclase react together in approx. 
1/ 1 w.eight proportions. One would, therefore, expect the rapid elimin-
ation of olivine as well as plagioclase from the subsolidus assemblages 
with increasing pressure if this was the principal reaction involved in the 
elimination of plagioclase. Secondly, spine! is produced in the reaction. 
After its initial appearance at 4. 5 kb, spine! shows very little increase 
(as far as can be determined) up to pressures around 9 kb. Thirdly, 
orthopyroxene is produced by such a reaction. Orthopyroxene was not 
observed as a mineral phase in any of the subsolidus assemblages examined 
by the author. The enstatite produced by reaction 3, therefore, must be 
incorporated in the clinopyroxene as solid solution. In a later discussion 
evidence is presented strongly suggesting that the MgSi03 contents of 
subsolidus clinopyroxenes is very small. 
With increasing pressure more and more of the anorthite 
molecule of the plagioclase is consumed. Consequently one could perhaps 
expect the remaining plagioclase to become more sodic (cf. Green and 
Ringwood, 1967a). However, on the other hand, clinopyroxene becomes 
increasingly abundant with increasing pressure. Analyses of clinopyroxenes 
from ijolites and associated rock types, listed by Tyler and King (1967) 
show that natural, low pressure clinopyroxenes from undersaturated, 
alkaline rocks are capable of incorporating quite large amounts of Na2 0, 
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Al2o3 and CaO in their structure. Consequently, it s eems likely that 
the clinopyroxenes in the low pressure assemblages studied by the author 
contain at least small amounts of Na2 O. Also, with increasing pressure, 
the jadeite component could be expected to increase. It is, therefore, 
quite possible that, with increasing pressure, the Ab / An ratio of the 
plagioclase remains constant. It is impossible to resolve the problem 
without a knowledge of actual plagioclase compositions. 
3. Mineral reactions in the pressure interval 13. 5 - 18 kb. 
From pressures around 13. 5 kb to pressures slightly 
greater than 18 kb the experimental charges crystallise to ultrabasic 
assemblages consisting of clinopyroxene, olivine and spinel. With increas-
ing pressure (13. 5 - 18 kb) olivine decreases fairly rapidly until, at pressures 
slightly greater than 18 kb, it can no longer be detected. Spinel increases -
much more markedly than at lower pressures. The gradual elimination 
of the Ca-Tschermak's component of the clinopyroxene is the most likely 
explanation for the decrease in olivine,and increase in spine!, contents :-
diopside + Ca -Ts 
ss 
olivine diopside 
MgA12o4 
spine! 
+ 
The disappearance of plagioclase below the levels of detection 
by 13. 5 kb means that most of the Na2 0 and K2 0 contents of the initial mix 
must be accommodated in other mineral phases at higher pressures. The 
Na2o will be incorporated in the clinopyroxene as the jadeite molecule. 
K2o substitution in minerals such as olivine, clinopyroxene, spine!, however, 
is very limited. Most of the K
2
0 is probably accommodated in a K20-rich, 
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minor phase (or phases). The most likely minerals are sanidine and 
phlogopitic mica. 
4. Mineral reactions in the pressure interval 18-25 kb. 
At 22. 5 kb and 24. 8 kb, 1100 ° C, subsolidus assemblages 
consist of clinopyroxene + spinel + mica. Olivine has disappeared (i.e., 
< approx. 2 %) and clinopyroxene and spinel have increased in abundance. 
The estimated mica content is 10% (estimate based largely on relative 
intensities of reflections on X-ray powder photographs). 
Mica could not be observed optically, 
An attempt has been made to calculate a low pressure norm 
for the olivine nephelinite based on mineral assemblages actually observed 
in the atmospheric pressure runs. Approximately 25% Ca-Tschermak's 
silicate was assumed to occur as solid solution in the clinopyroxene, the 
excess Al2 0 3 being incorporated in anorthite. The Na2 0 content of the 
mix is assumed to form albite, the possible presence of acmite and jadeite 
being ignored. The calculations indicate plagioclase to be a major constituent 
at low pressures (norm 1, Table 9). The Si02 deficiency would be reduced 
if the plagioclase contains a certain amount of nepheline in solid solution, 
also if the clinopyroxene contains acmite and/ or jadeite in solid solution. 
High pressure norms representing the mineral assemblages 
found in the zone transitional between the disappearance of plagioclase and 
the incoming of garnet have also been calculated (Table 9). Mica was not 
detected until a pressure of 22. 5 kb was achieved. It is, therefore, 
assumed that, in the lower pressure assemblages not containing plagio-
clase, most of the potash occurs in sanidine felspar. Normative calculations 
show that if all the K2 0 present in the mix went to form sanidine, approx. 
6% K-felspar would be produced. Such an amount would be below the limits 
Si02 TiO _ 
Al2''3 
~~03 
MnO 
MgO 
Cao 
Na2o 
K2o 
P205 
Or 
Ab 
Ne 
An 
Di 
01 
Ap 
11 
Mt 
TABLE 9. Calculated Low and High Pressure Norms based on the Actual Mineralogies of the Subsolidus Assemblages 
Initial ComEosition Run A16 Run 802 Run 813 
44. 3 45. 2 44.7 44.9 
1. 5 1. 5 1. 5 1. 5 
14.2 14. 5 14. 3 14.4 
o. 5* 1. 5* 1. 9• 2.2• 
9. 7* 6. 9• 7. 5* 6.8• 
o. 2 o. 2 o. 2 o. 2 
13.3 13. 6 13, 4 13. 5 
11. 2 11.4 11. 3 11. 3 
3. 6 3. 7 3. 6 3. 6 
1. 0 1. 0 1. 0 1. 0 
o. 5 o. 5 o. 5 o. 5 
Low Pressure Norms High Pressure Norms 
CI PW Norm 1 la 2 2a 3 
6.1 San. 6. 1 6. 1 San. 6. 1 6, 1 San. 6. 1 Phlog. 
2.0 Ab 30. 4 31. 4 Jd 23. 4 23. 4 Jd 23.4 Jd 
15. 3 Ca-Ts 8. 5 8. 7 Ca-Ts 15. 2 15. 6 Sp 10. 5 Sp 
19.4 An 8. 6 8. 6 Di 26. 4 25. 8 Di 42. 1 Di 
26.4 Di 26.4 26. 5 01 25. 9 22.3 01 14. 8 01 
25.9 01 25. 9 21. 9 Ap 1. 3 1. 3 Ap 1. 3 Ap 
1. 3 Ap 1. 3 1. 3 II 2. 9 2. 9 11 2. 9 11 
2.9 II 2. 9 2. 9 Mt o. 7 2. 8 Mt o. 7 Mt 
o. 7 Mt o. 7 2. 0 Si02 -1. 8 -0. 2 Si02 -1. 8 Si02 Si02 
-10, 6 
-9. 5 
• determined by E. Kiss, analyst, A. N. u. 
4 4a 
9. 3 9. 2 
23.4 23. 4 
10. 5 10. 6 
42.1 44. 7 
9. 6 3. 9 
1. 3 1. 3 
2.9 2. 9 
o. 7 3, 2 
o. 2 1. 6 
Abbreviations used: San. • sanidine, Ca-Ts• Ca-Tschermak's silicate, Jd • jadeite , sp • spine!, Phlog. • phlogopite, all others • standard 
normative abbreviations. 
Norms 1, 2, 3, 4 calculated assuming sample charges to have the same composition as the initial mix. Norms la, 2a, 4 a calculated from 
recalculated analysis using chemically determined FeO and Fe O value s ; 1~ from composition of run Al 6, 2a from run 802 and 4a from 
run 813, 2 3 
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of detection using equipment available to the author and would be further 
decreased by any mica or liquid phase that may be present. It was 
assumed that all the excess Al2o3, after the formation of sanidine and 
jadeite, went to form Ca-Tschermak's silicate (norm 2, Table 9). In 
actual fact this is not quite the case as spinel does occur. However in the 
9 kb and 13. 5 kb runs it is a very minor constituent. Also the Mg-
Tschermak's component of the clinopyroxene has not been taken into 
account. If some of the (Mg, Fe)O, Al2o3 and Si02 is combined to form 
Mg-Tschermak's silicate (10-15%), then calculations indicate that norm-
ative diopside increases slightly and olivine and Ca-Tschermak's silicate 
show slight to moderate decreases when compared with the values obtained, 
ignoring this component. The presence of spinel affects the normative 
proportions in a similar manner. Therefore on the basis of normative 
calculations alone, one would expect assemblages formed at pressures 
around 9-13. 5 kb to be somewhat richer in diopside and poorer in olivine, 
than those crystallised at atmospheric pressure. Optical and X-ray data 
obtained from runs in the pressure range 0-13. 5 kb show the above pre-
dictions to be true. Olivine is a common phase at 9 kb but is not as 
abundant as at 1 atmosphere. 
By 18 kb, olivine has decreased quite markedly, clinopyroxene 
has increased appreciably and also spinel. Therefore, going to the other 
extreme, calculations were made assuming all the excess Al2o3 went to 
form spinel (norm 3, Table 9) i. e. , the clinopyroxene contains no Ca-
Tschermak's component. The calculations reveal that, by substituting 
spinel for Ca-Tschermak's silicate, there is a substantial increase in 
normative diopside content and an appreciable decrease in normative olivine, 
i.e., by substituting spinel for Ca-Tschermak's silicate with increasing 
pressure, the changes in mineralogy and mineral proportions based on 
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theoretical calculations can be closely correlated with those actually 
observed in the experimental runs. Calculations, assuming the clino-
pyroxene to contain Mg-Tschermak's component, indicate that the 
normative diopside content is only very slightly reduced from the value 
obtained above for approx. 10-15% MgA12Si06 in solid solution. Spine! 
and olivine show only moderate decreases. 
In both calculations (norms 2, 3) there is a slight deficiency 
in Si02• However, in the experimental assemblages as a result of oxidation 
and iron loss to platinum, the compositions are actually slightly more 
Si02-rich than the initial mix. Calculations using FeO and Fe2o3 values 
determined by chemical analysis of individual charges (compositions 
recalculated to 100%) show appreciable decreases in the Si02 deficiencies 
(norms la, 2a, 4a; Table 9) compared with those obtained using the 
initial olivine nephelinite composition. Normative olivine also decreases 
appreciably. Also if some of the K2 0 went to form small quantities of 
phlogopitic mica, the Si02 deficiencies in norms 2, 2a, 3 of Table 9 would 
be slightly further reduced. 
The most important points worth noting from the preceding 
discussion are :-
(a) At pressures around 13. 5 - 18 kb most of the K2 0 content of the 
original mix is incorporated in a phase other than mica. Sanidine 
is the most likely possibility. 
(b) Assemblages formed by crystallising the olivine nephelinite at pressures 
around 10-14 kb consist of common olivine+ Al-rich clinopyroxene 
+ 
+ minor spine! - very minor (plagioclase + sanidine). 
(c) With increasing pressure, clinopyroxene becomes increasingly 
abundant and progressively poorer in Al2o3• Olivine and the Ca-
Tschermak's component of the clinopyroxene combine to form 
spine!. Consequently olivine decreases in amount. 
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(d) The amount of orthopyroxene solid solution (formed by reaction 
between olivine and ezcess Si02) in the clinopyroxene to pressures 
around 18 kb is very small. This is inferred from the lack of 
excess Si02 in the normative calculations (Table 9). 
At pressures of 22. 5 kb and 24. 8 kb olivine cannot be 
detected and mica occurs in sufficient quantities to be identified 
on X-ray powder photographs. Calculations were made assuming 
that all the K2 0 goes to form phlogopite (high pressure norm 4, 
Table 9). Features worth noting are : -
(e) Around 9% normative phlogopite is produced. This compares very 
well with the estimate of around 10% mica present from X-ray data. 
(f) The normative olivine content is the lowest for the three high pressure 
norms. However it is still present in sufficient quantities for one 
to anticipate its detection in the subsolidus assemblages at these 
pressures. 
(g) Instead of a deficiency in Si02, there is now a slight surplus. 
It would therefore appear that, most (if not all)of the K20 
content of the mix goes to produce a phlogopitic mica. The non-
detection of olivine in the experimental runs at 22. 5 kb and 24. 8 kb 
could be due to a number of reasons, among them being :-
{h) Sample oxidation and iron loss. 
Calculations using FeO and Fe2 0 3 values determined by 
chemical analysis of the 22. 5 kb, 1100°c run, reveal a major 
decrease in the amount of normative olivine present compared to 
the theoretical value obtained (from 9. 6% to 3. 9%; norms 4, 4a, 
Table 9). Sample oxidation and iron loss to platinum (at least 
at 22. 5 kb) could probably be regarded as one of the principal 
factors contributing to the non-detection of olivine in the subsolidus 
assemblages at these pressures. 
47. 
(i) The formation of orthopyroxene. 
The slight Si02 surplus in high pressure norm 4 {Table 9) 
is taken to indicate that small amounts of olivine have combined 
with the excess Si02 to form minor orthopyroxene solid solution 
in the clinopyroxene. Consequently the amount of olivine present 
in the subsolidus assemblages will be slightly less than indicated 
by the theoretical calculations. 
(j) The possibility of olivine occurring as solid solution in the clino-
pyroxene. 
Experimental work carried out by Kushiro and Schairer 
(1963) on the system diopside-forsterite-silica demonstrated that, 
in the pure system, diopside is capable of containing up to around 
5 wt. % of forsterite in solid solution at atmospheric pressure, at 
least at temperatures > 1300 ° C. Later work by Kushiro (1964) 
on the system diopside-forsterite-enstatite indicated that, at 1600 ° C 
and a pressure of 20 kilobars, there is a similar amount of olivine 
solid solution in di op side as at 1 atmosphere, 1380 ° C (i. e. , approx. 
5 wt. %). 
5. Mineral reactions in the pressure interval 27-36 kb. 
Garnet was first observed at 27 kb, 1100 ° C. With increasing 
pressure the proportion of garnet (and olivine) increases while clinopyroxene 
and spine! decrease in amount. It is believed that the development of garnet 
can be related to the following reactions : -
diopside spine! olivine garnet 
6. 
diopside + Mg-Ts 
ss 
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-
-
garnet diopside 
Reaction 5 is thought to be the more important. Reaction 6 
is virtually a reaction involving the exsolution of garnet from clinopyroxene 
solid solution and is suspected to be of only comparatively limited import-
ance. Olivine was not detected either optically or by X-ray methods at 
0 0 27 kb, 1100 C, or 36 kb, 1250 C. However it does occur in small quantities 
0 in the 36 kb, 1100 C run. At 27 kb it is possible that oxidation of the sample 
and iron loss to platinum could have caused the crystallisation of olivine 
to be suppressed. Small quantities of enstatite (occurring as solid solution 
in the clinopyroxene) probably were formed instead. Another possibility 
is that, initially the small quantities of olivine present, occur as solid 
solution in the clinopyroxene. The latter explanation is probably the reason 
for the non-appearance of olivine in the 36 kb, 1250°C run. With decreasing 
temperature one would expect the solubility of olivine in clinopyroxene to 
decrease. Consequently, at 36 kb, 1100°c, the clinopyroxene is no longer 
capable of accommodating all the olivine present in solid solution. Olivine, 
therefore, occurs as a discrete phase. 
From the above discussion one would predict the garnets 
formed in these high pressure runs to be fairly grossular-rich types (cf. 
the almandine-pyrope-rich types obtained by Green and Ringwood, 1967a, 
from more saturated compositions). 
At very high pressures, the occurrence of subsolidus assem-
blages consisting principally of garnet and olivine could be expected. 
6. The Role of Mica. 
Theoretical considerations suggest that, at moderate to high 
pressures, mica plays an essential role in lowering the olivine content of 
the sample to such levels that it can be incorporated in the clinopyroxene as 
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solid solution. The presence of mica is usually taken as an indication 
that water has gained entry to the charge during the run. Green and 
Ringwood (1957.a) found that hydrogen migrated into the platinum capsules 
and during long runs amphibole often formed, particularly in their under-
saturated compositions. The occurrence of mica was not reported. The 
mica in the subsolidus assemblages examined by the author is most probably 
phlogopitic. Phlogopite has been reported frequently as a minor constit-
uent of ultrabasic assemblages such as those found in "peridotite" nodules. 
Such occurrences indicate that it is stable under quite high P-T conditions. 
The present series of experiments indicate the mica to be stable to high 
temperatures and pressures under conditions in which PH 
O 
is assumed 
2 
to be much less than P load • 
Comparison with Other Compositions Studied Experimentally. 
As in the partial melting runs, the early disappearance of 
plagioclase and the late appearance of garnet are two of the most notable 
differences when comparing the crystallisation behaviour of the olivine 
nephelinite composition with the more saturated compositions studied by 
Green and Ringwood (1967a). 
In the undersaturated alkali olivine basalt and olivine 
tholeiite compositions studied by Green and Ringwood (1967a), reaction 
0 between olivine and plagioclase becomes important at about 7 kb at 1100 C. 
This is at a considerably lower pressure than similar reactions (in this 
case between orthopyroxene and plagioclase) occur in the oversaturated 
++ 
compositions. In compositions with lOOMg/Mg + Fe == 60 - 70, the 
reactions around 7 -9 kb yield spinel + pyroxene(s) at the expense of olivine 
and plagioclase. Reaction between plagioclase and olivine begins to assume 
importance at pressures around 4. 5 kb in the olivine nephelinite compo-
++ 
sition. This composition has a similar 100 Mg/Mg+ Fe ratio (71) to 
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some of the compositions studied by Green and Ringwood, but has a lower 
Si02 content. It, therefore, appears that, with increasing Si02 
-under-
saturation, reaction between plagioclase and olivine to yie ld spine!+ 
clinopyroxene commences at increasingly lower pressures. 
Garnet first crystallises from the olivine nephelinite 
composition at pressures around 27 kb at llOO ° C, whereas it occurs in 
Green and Ringwood's Olivine Tholeiite A composition (100 Mg/Mg+ Fe++ = 70) 
at pressures around 13. 5 kb and Olivine Tholeiite B (100 Mg/Mg+ Fe++• 66) 
0 
at pressures around 10-ll kb at temperatures of llOO C. One can conclude 
that, in nepheline-normative, olivine-rich compositions similar to the 
olivine nephelinite, the incoming of garnet is delayed to much higher press-
ures than in more saturated compositions with similar Mg/ Mg + Fe++ 
ratios. The most likely explanation for such a feature is that, in the olivine 
nephelinite, garnet is thought to form principally from reaction between 
Al-poor clinopyroxene and spine! (small amounts probably also result 
from the breakdown of the MgA12SiO 6 component in the clinopyroxene), 
whereas in the latter garnet forms initially from reactions involving plagio-
clase and pyroxene (Green and Ringwood, 1967a). A feature of the basaltic 
compositions studied by Green and Ringwood is the comparatively early 
disappearance of olivine (at pressures less than 10 kb) and the persistence 
of plagioclase to higher pressures. In the olivine nephelinite the reverse 
situation holds. It is olivine that persists and plagioclase that disappears 
at relatively low pressures. Consequently, the plagioclase-pyroxene reaction 
responsible for the initial formation of garnet in the more saturated compos-
itions cannot operate in the olivine nephelinite composition. 
The results obtained from subsolidus experiments conducted 
on the olivine nephelinite composition confirm Green and Ringwood's (1967a) 
prediction that plagioclase will disappear at particularly low pressures in 
compositions rich in olivine and with anorthite-ri ch, normative plagioclases. 
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MacGregor (1965) studied the changes that occurred in 
+ 
assemblages consisting of forsterite + Al-diopside + spine! - Al-enstatite 
(composition equivalent to 2CaMgSi20 6 + MgA120 4) under varying P-T 
conditions and with enstatite/ diopside ratios of 75 / 25, 25 / 75 and o / 100. 
If the minor sanidine, mica and plagioclase are ignored and olivine assumed 
to occur as solid solution in clinopyroxene, as previous considerations 
suggest (especially in the interval 20-36 kb) then, the assemblages obtained 
in subsolidus experiments on the olivine nephelinite composition,at pressures 
greater than 10 kb, are very similar to those obtained experimentally by 
MacGregor. The assemblages encountered by the author with increasing 
pressure were, olivine+ clinopyroxene + spine!, clinopyroxene + spine!+ 
+ 
mica and clinopyroxene + garnet + spine! + mica - olivine. 
In fig. 3 the lines FH and AB represent reaction boundaries 
between non garnet-bearing assemblages consisting of forsterite + Al-
+ diopside + spine! - Al-enstatite and garnet-bearing assemblages comprising 
forsterite + garnet + Al-diopside + spine! as determined by MacGregor for 
enstatite/diopside ratios of 25 / 75 (also 75 / 25) and O / 100 respectively. 
In the case of an enstatite/ diopside ratio of 75 / 25, Al-enstatite occurs 
as a discrete phase in the low pressure, non-garnetiferous assemblages 
whereas for a ratio of 25 / 75 the enstatite recurs entirely as solid solution 
in the Al-diopside. A -10% friction correction has been applied to all nominal 
pressures as MacGregor's experiments were carried out in a piston-cylinder, 
solid media apparatus similar to that used by the author. Plotted on the same 
diagram are a pyrolite solidus, the stability fields of garnet pyrolite (area 
on the high pressure side of the curve CE) and pyroxene pyrolite (area on the 
low pressure side of the curve CE). The field to the left of the line DK is 
characterised by the presence of spine! in the subsolidus assemblages, 
whereas on the high temperature side of DK, the Al2 0 3 content of the pyrolite 
--
< 
r 
Fig. 3. Diagram showing the results of subsolidus experiments on the 
olivine nephelinite composition in the pressure range, 13. 5 -
36 kilobars. Also shown are the stability fields of garnet 
+ pyrolite and pyroxene ( - spinel ) pyrolite and the pyrolite 
solidus, as determined by Green and Ringwood (1967 c). The 
lines F1I and AB represent reaction boundaries between 
non-garnet-bearing assemblages consisting of forsterite + 
+ Al-diopside + spinel - Al-enstatite and garnet-bearing 
assemblages comprising forsterite + garnet+ Al-diopside + 
spinel as determined by MacGregor (1965) for enstatite/ diopside 
ratios of 25/75 and 0/100 respectively in a composition equi-
valent to 2 CaMgSi2 0 6 + MgA12 0 4 • 
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is contained entirely within the pyroxenes. This latter information has 
been obtained from the results of Green and Ringwood's (1967c) studies 
on subsolidus assemblages in pyrolite compositions. Superimposed on all 
this are the subsolidus assemblages crystallised from the olivine nephelinite 
at pressures greater than 10 kb, also the olivine nephelinite liquidus. 
The reaction boundary FH, as determined by MacGregor, 
occurs at pressures well below that at which garnet first appears in the 
olivine nephelinite composition at 1100 ° C. The boundary AB, however, 
lies very close to, and on the high pressure side of, the pressure at which 
garnet initially occurs in the olivine nephelinite. These observations imply 
that the subsolidus assemblages, crystallised from the olivine nephelinite 
at pressures greater than around 10 kb, most closely resemble MacGregor's 
forsterite + Al-diopside (enstatite/ diopside = O/ 100) + spine! assemblage. 
MacGregor's work shows that for decreasing enstatite solid 
solution in diopside, the pressure required for the formation of garnet 
progressively increases. Unit cell measurements indicate the proportion of 
Ca/Mg (i.e., grossular/pyrope ratio) in garnet also increases for decreas-
ing orthopyroxene solid solution in diopside. In conformity with the former 
conclusion the pressure at which garnet (formed by reactions involving 
diopsidic clinopyroxene and spine!) initially occurs in the olivine nephelinite 
is much greater than the pressures at which pyrope-rich garnet (formed 
by reactions involving enstatite and Mg-Tschermak's silicate) first crystall-
ises from the forsterite + Al-diopside + spine!+ Al-enstatite (the ortho-
pyroxene occurring either as solid solution in the Al-diopside or as a 
separate phase) assemblages studied by MacGregor. Consequently, it can 
be inferred that clinopyroxenes containing only very small amounts of 
enstatite solid solution crystallise from the olivine nephelinite at moderate 
to high pressures. The above observations also imply that the garnets 
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crystallising from the olivine nephelinite under subsolidus conditions 
are grossular-rich. MacGregor's investigations indicate that, with 
decreasing amounts of enstatite solid solution in diopside, the higher the 
pressure required for the formation of garnet (formed by reaction between 
pyroxene and spine!) and the increasingly grossular-rich nature of the 
garnet eventually produced. 
The experimental evidence thus agrees with the theoretical 
calculations carried out earlier. These indicated that the clinopyroxenes 
in assemblages transitional between the low pressure plagioclase-bearing 
and the high pressure garnet-bearing types, should contain at the most 
only very small quantities of orthopyroxene in solid solution. Also the 
clinopyroxene + spinel reaction, considered to be the principal reaction 
responsible for the development of garnet at high pressures, produced 
grossular-rich garnets rather than pyrope-rich types. 
Comparison with Natural Rocks 
The low pressure plutonic equivalent of nephelinite is ijolite. 
ljolites display a wide range of compositional variation and some compos-
itions somewhat resemble that of the olivine nephelinite studied experi-
mentally. Generally, however, their Al2o3, CaO and alkali contents are 
higher and MgO contents lower. Nepheline is one of the principal constituents 
of ijolites, plagioclase being completely absent. However, in the experi-
mental runs on the olivine nephelinite composition, the place of nepheline 
is taken by plagioclase (Table 8). Also, olivine is an important mineral 
in subsolidus assemblages crystallised from the olivine nephelinite at low 
to moderate pressures, whereas it is only a minor constituent of most 
ijolites and is often completely absent. Some hypabyssal rocks such as 
theralites and teschenites (e.g., Wilkinson, 1958, 1965) resemble the 
olivine nephelinite chemically, but here again, nepheline or analcime is 
present in significant proportions. 
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The author knows of no natural occurrences resembling 
the olivine nephelinite chemically and possessing an olivine+ clinopyroxene 
+ 
+ plagioclase - spinel mineralogy similar to that crystallised from the 
olivine nephelinite composition at low pressures. 
Natural pyroxenites, garnet pyroxenites and eclogites with 
mineral assemblages similar to those obtained in experimental runs from 
pressures of around 15 kb and possessing chemical compositions close 
to that of the olivine nephelinite are also very rare. 
Pyroxenites often occur in alkaline plutonic complexes 
associated with ijolites, melteigites etc. The Cao contents of such rocks 
are high (generally much higher than that of the olivine nephelinite). Alkali 
contents (especially Na2 0) are usually appreciable and the Al2 0 3 contents 
are generally fairly high as well. Olivine is usually a very rare constituent. 
In comparison, the olivine nephelinite possesses a much lower Cao content 
and lower Al2 o 3 and alkalies. Exceptions do occur; King (1965), for 
example, published the analysis of a pyroxenite (Si02 = 41. 4%) from an 
ijolite-melteigite complex, possessing very low Al2 o 3 (4. 9%) and low 
Na2 0 (1. 5%) contents. However the CaO content is high (18. 0%). It would 
appear that very little similarity exists between the alkaline pyroxenites 
and the pyroxene-rich assemblages crystallised from the olivine nephelinite 
at moderate pressures. 
Lacroix (1900) described ultrabasic rocks consisting essent-
ially of pyroxenes and green spinel from the Pyrenees. He termed these 
rocks ariegites. Two varieties were recognised depending upon the nature 
of the clinopyroxene present. The "ordinary ariegite"(Lacroix, 1900) 
consists of orthopyroxene + green clinopyroxene + green spinel. Brown 
clinopyroxene is the principal constituent of the other variety. Green 
clinopyroxene and orthopyroxene are very rare in the brown clinopyroxene 
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ariegite. The occurrence of garnet and amphibole gives rise to more 
diverse varieties. Spinel is often associated with the garnet and could 
possibly be an indication that the garnet has been formed at least partly 
by reaction between spinel and clinopyroxene. Orthopyroxene may be 
completely absent. Mineralogically, therefore, the orthopyroxene-free 
ariegites appear to be similar to some of the high pressure sub-solidus 
assemblages . investigated by the author. However, there is not a close 
similarity chemically between the ariegites and the olivine nephelinite. 
The former are characterised by much lower amounts of alkalies and 
higher Al2 0 3 and MgO contents. 
Yoder and Tilley (1962), White (1966) and Green (1966) 
have described garnet pyroxenites and garnet-spinel pyroxenites, occurring 
as inclusions, from an olivine nephelinite tuff (Salt Lake Crater, Hawaii). 
Pyroxenes (both ortho- and clino-) are the dominant phases with uncommon 
and unevenly distributed garnet, olivine, spinel and biotite occurring as 
minor phases in some examples. Green observed that the abundance and 
habit of the orthopyroxene was consistent in at least some of the specimens 
with an origin entirely by exsolution from the clinopyroxene. He concluded 
that the inclusions originated as accumulates of liquidus or near-liquidus 
subcalcic clinopyroxene derived from alkali olivine basalt or basanite 
at a pressure within the range of 13-18 kb. The original accumulate 
0 0 
cooled from temperatures of 1350-1400 C to about 1000 C at constant 
pressure, causing exsolution of garnet from the original highly aluminous 
clinopyroxene and reaction of spinel and clinopyroxene to yield garnet and 
olivine. The pyroxenites from Salt Lake Crater, however, possess sig-
nificantly higher Si02 and lower Na2o contents than the olivine nephelinite. 
Furthermore a number of lines of evidence have indicated the subsolidus 
clinopyroxenes crystallising from the latter to be practically devoid of 
orthopyroxene solid solution. 
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Vilminot (1965) studied a number of inclusions from a basalt 
flow at Rocher du Lion (France). Chemically, the host basalt closely 
resembles the olivine nephelinite and picritic nephelinite compositions 
studied by the author. Most of the inclusions possessed a peridotite miner-
alogy. Also present but much more sparsely distributed were pyroxenite 
inclusions consisting of clinopyroxene (71%) + olivine (16%) + spinel (13%). 
Vilminot observed that, as well as mineralogical differences 
(most notably the absence of orthopyroxene in the pyroxenites), there were 
also marked differences in composition between similar mineral species 
occurring in the two types of inclusions. The olivine in the peridotite 
nodules possesses a constant composition of approx. Fo
85 while the olivine 
from the pyroxenites is much more fayalite-rich (Fo60). The peridotite 
nodules contain chromian diopsides while an aluminous titanaugite (8. 15% 
Al2 0 3) is the typical pyroxene of the pyroxenites. The latter is also richer 
in Cao. Spinel from the peridotite nodules is always rich in chromium 
while that from the pyroxenites contains very little Cr 2 0 3 
and is rich in 
the (Mg, Fe)Al2 0 4 component. 
The peridotite nodules possess a truly ultramafic chemistry, 
while the pyroxenites possess a chemistry practically identical to that of 
a highly undersaturated olivine nephelinite or olivine melilite nephelinite 
(Si02 = 37. 95%, Al203 = 14. 62%, MgO = 15. 24%, Cao= 15. 0%, Na20 = 1. 28, 
K2o = O. 22 % ), the only significant difference being the low content of 
alkalies. Nephelinites with such a high degree of Si02 undersaturation are 
characterised by relatively high alkali contents (generally > 3%, often 
markedly so). 
From a consideration of simple systems and the work of 
Kushiro (1960) and Le Bas (1962), Vilminot concluded that the assemblage 
clinopyroxene (Al2 0 3 - and TiO 2 - rich ) + olivine + spinel was a high 
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pressure one, formed during a preceding stage of crystallisation of the 
basaltic magma at depth under conditions of high P • Vilminot, there-
H20 
fore, believed that a close genetic relationship existed between the 
pyroxene-rich inclusions and the enclosing basalt. 
The results of the experimental runs conducted on the 
olivine and picritic nephelinite compositions in the pressure range 18-27 kb 
do not support Vilminot's hypothesis, as orthopyroxene, garnet and olivine 
are the important phases crystallising from the above compositions at 
such pressures under wet conditions (P H
2
0 < P load) • Little can be said 
about the crystallisation behaviour of the above compositions at lower 
pressures under wet conditions. However, experimental results from 
partial melting runs (carried out by Green and Ringwood, 1967b and the 
author) in the pressure range 10-25 kb on a range of basaltic compositions 
indicate that clinopyroxene-rich assemblages such as those described by 
Vilminot could be derived from fractional crystallisation of olivine-rich, 
nepheline normative compositions under dry conditions at depth. Briefly 
the process involves the crystallisation of an aluminous, complex clino-
pyroxene, stable at near-liquidus temperatures. If coexisting spine! also 
separates, then the Al2o3 
content of the clinopyroxene is limited. To 
produce a composition as highly undersaturated as the pyroxenite described 
by Vilminot, olivine and spine! must have accumulated with the clinopyroxene. 
The compositions of so-called eclogite inclusions (clino-
pyroxene + garnet + ilmenite + amphibole assemblages) from the Delegate 
breccia pipes closely resemble the olivine nephelinite composition, virtually 
the only significant difference being the low content of alkalies and low 
normative nepheline in the former compared to the latter. Analyses of the 
"eclogitic" inclusions have been published by Joplin (1963) and Lovering 
and White (in press). There also appears to be a close similarity, miner-
alogically between the "eclogite" nodules from Delegate and the high pressure 
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assemblages crystallised from the olivine nephelinite at pressures of 
27-36 kb. The fact that a nephelinitic breccia and also an intrusive 
body of nephelinite are associated with the 11eclogitic" nodules at Delegate 
(Lovering and White, in press) and the close similarity, both mineral-
ogically and chemically, between the "eclogitic" inclusions and the high 
pressure assemblages crystallised from the olivine nephelinite at pressures 
greater than 27 kb, leads to the suggestion that such inclusions are in some 
way genetically related to the nephelinite. 
For more detailed discussions on the origin of certain types 
of pyroxenites, garnet pyroxenites etc. reference should be made to the 
work of Green (1966) and Lovering and White (in press). 
Role of the "Pyroxenite" Facies 
Yoder and Tilley (1962) found, during the course of their 
experiments, that assemblages consisting either, entirely or, almost 
entirely, of pyroxene were produced from an eclogite and an olivine 
nephelinite. They, therefore,concluded that with increasing pressure (i.e. , 
depth) the transformation from basalt to eclogite proceeded via a pyroxenite 
assemblage. Their experimental evidence supporting the existence of a 
pyroxenite assemblage came from one run on the Loch Duich eclogite at 
10 kb, 1150 ° C and runs on a nephelinite at 31. 4 kb and 40 kb. The former 
yielded a charge entirely of clinopyroxene, considered by Green and 
Ringwood (1967a) to be a metastable assemblage consisting either entirely 
of quench clinopyroxene or of quench and primary clinopyroxene. A 
clinopyroxene + spinel + mica assemblage was obtained from the latter. 
The results obtained from experiments on the olivine 
nephelinite composition studied by the author appear to support Yoder and 
Tilley1s suggestion that a transitional assemblage of pyroxenite, or more 
correctly spinel pyroxenite, mineralogy exists between the gabbro and 
eclogite stability fields. However, such assemblages are confined to highly 
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undersaturated compositions and are not characteristic of typical basaltic 
compositions. Pyroxenites did not occur in the subsolidus assemblages of 
any of the basaltic compositions, ranging from quartz tholeiite to alkali 
olivine basalt, studied by Green and Ringwood (1967a). The latter deduced 
that the most favourable compositions for producing transition assemblages 
++ 
of pyroxenes+ minor spinel have high Mg/Mg+ Fe ratios and normative 
olivine con tents and very low normative albite. They pointed out that such 
compositions were not typically basaltic. However, they are nephelinitic. 
The olivine nephelinite composition has a fairly high Mg/Mg + Fe++ ratio 
(0. 71), high normative olivine content (25. 9%) and low normative albite 
(2. 0%) and, therefore, satisfies the above requirements. 
The olivine nephelinite composition studied by Yoder and 
Tilley is a highly undersaturated one. After alloting Al2o 3 
and Si02 to 
Na2o to form jadeite and Si02 to Cao+ (Mg, Fe)O to form diopside, Green 
and Ringwood calculated that there was insufficient Si02 left to form garnet 
with the remaining Al2 0 3 and (Mg, Fe)O. They, therefore, concluded that 
an eclogitic assemblage could not be expected from this composition at high 
pressures. Even if one assumes the garnet to be pure grossular so that 
the amount of CaO available to form diopside is considerably reduced (the 
excess (Mg, Fe)O forming olivine), there is still insufficient Si02 present to 
form garnet. 
It should also be pointed out that if one makes similar 
calculations in an attempt to reproduce the clinopyroxene + spine! + mica 
assemblage described by Yoder and Tilley, a similar problem is encountered. 
After allocating Al2 0 3, SiO 2 and (Mg, Fe)O to K2 0 to form phlogopite, 
Al2o 3 and Si02 to Na2o to form jadeite, (Mg, Fe)O to Al2o 3 to form spine! 
or even going to the other very unlikely extreme, CaO and Si02 to Al2o 3 
to form Ca-Tschermak's silicate, there is insufficient Si02 left to form 
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diopside with the remaining CaO and (Mg, Fe)O. There are a number of 
possible explanations for the formation of the pyroxenite assemblages : -
(1) The assemblages consist, at least in part, of metastable clino-
pyroxene. 
(2) The clinopyroxene is a very subsilici c variety and possesses an 
extremely complex structure. 
(3) The CaO, together with a certain amount of (Mg, Fe)O, occurs in 
an unreported Si02 -deficient phase sue a s melilite, monticellite 
or larnite. 
Kushi ro and Yoder (1966) interpreted the experimental 
results, obtained from a study of mixtures of anorthite + forsterite (An/ Fo = 
1/ 1, 1/ 2) and of anorthite + em;tatite (An/En= 1/1) under a range of 
pressures and constant temperature, as indicating that basaltic rocks, 
either saturated or undersaturated, transform to aluminous pyroxene-rich 
assemblages at moderate pressures. The pyroxenite concept of Kushiro and 
Yoder (1966) differs from the earlier concept of Yoder and Tilley (1962) in 
that olivine, plagioclase, spine! or quartz are essential components of the 
mineral assemblages. This is also the case with the olivine nephelinite 
composition investigated by the author, olivine and spine! being essential 
associates of clinopyroxene in transitional assemblages between the 
crystallisation fields of gabbro and eclogite. Green and Ringwood (1967a) 
argued that Kushiro and Yoder's results had only limited application as 
far as natural rocks were concerned. The effects of albite, fayalite or 
ferrosalite solid solution, for example, on the nature of the mineral assembl-
ages produced had not been considered. 
For more detailed discussions of the concept that a pyroxenite 
facies exists at pressures intermediate between the low pressure gabbroic 
and high pressure eclogitic, stability fields, reference should be made to 
the work of Green and Ringwood (1967b) , Kushiro and Yoder (1966) and Yoder 
and Tilley (1962). 
61. 
CHAPTER 4 
PARTIAL MELTING EXPERIMENTS ON THE OLIVINE NEPHELINITE, 
PICRITIC NEPHELINITE AND OLIVINE BASANITE COMPOSITIONS 
UNDER DRY CONDITIONS 
Introduction 
Partial melting experiments, generally under anhydrous 
conditions, have been conducted by a number of workers (e.g., Yoder 
and Tilley, 1962; O'Hara, 1963; Green and Ringwood, 1964; Tilley, Yoder 
and Schairer, 1964, 1965; T. H. Green and Ringwood, 1966; D. H. Green 
and Ringwood, 1967b;Cohen, Ito and Kennedy, 1967; Ito and Kennedy, 
1967) on a range of basic and ultrabasic compositions. However, except 
for an olivine nephelinite and an eclogite examined briefly by Yoder and 
Tilley (1962) and a small number of undersaturated compositions studied 
by Tilley, Yoder and Schairer (1964, 1965), the basaltic compositions 
previously investigated have been much more Si02 - rich and lower in 
normative nepheline than those examined experimentally by the author. 
Yoder and Tilley conducted a few atmospheric pressure runs on an olivine 
nephelinite composition containing 39. 14% Si02 and a number of runs on 
an eclogite (Si02 = 42. 60%) from Loch Duich, Scotland at atmospheric 
pressure, 10 kb, dry and 10 kb, wet (P O 1111 10 kb). Tilley, Yoder H2 
and Schairer's (1964, 1965) experimental runs were all at atmospheric 
pressure. 
Experimental Results 
Detailed descriptions of the results of individual runs on 
the three compositions are given in Tables 10, 11 and 12. The results of 
dry partial melting experiments (using mainly platinum capsules) on the 
Fig. 4. Results of experimental runs on the olivine nephelinite 
composition in the pressure range, 1 atmosphere 
to 36 kilobars. 
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CONDITIONS OF THE RUN 
Run No. 
All 
A12 
A13 
A14 
Al5 
789 
797 
793 
791 
790 
798 
795 
800 
794 
828 
801 
853 
Capsule 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Gr 
Pressure 
(kb) 
1 Atmos. 
I Atmos. 
1 Atmos. 
1 Atmos. 
1 Atmos, 
4. 5 
9 
9 
9 
9 
9 
9 
18 
18 
18 
18 
22. 5 
TABLE 10. Details of Partial Melting Experiments on the OLIVINE NEPHEUNITE Composition under DRY Conditions. 
Temp. Time 
( OC) (mine) 
1350 20 
1300 20 
1250 30 
1200 30 
1150 60 
1240 60 
1380 40 
1360 40 
1320 50 
1280 60 
1260 60 
1240 60 
1400 30 
1380 40 
1360 40 
1340 50 
1430 60 
PHASES PRESENT 
•.Q! + + Glass 
Q!. + Glass 
.Q! + Glass 
Q!. + Glass 
Q! + C~+ ~ +Glass 
01• + Glass 
Glass 
Q!+ + Glass 
.Q!+ + Glass 
.Q! + Glass 
Q! + .£2!< + Glass 
Q!. + ~ + Glass 
+ 
.Q! + q-cpx + Glass 
Q!+ + Cpx? + q-cpx + Glass 
Q!+ + .5&i + Sp + q-cpx + 
q - sp + Glass 
Q! + ~ + §I!.+ q-sp + Glass 
Q!. +~\Sp ? + q-sp + q-amp 
+ Glass 
COMMENTS 
Approx. 95% glass ; olivine as small- medium euhedra. 
Approx. 90% glass ; olivine similar to 1350°c run. 
70% glass ; olivine as sr:iall, euhedral - subbedral grains - bas increased markedly 
compared with the 1350 C run. 
60-70% glass. The olivine crystals are smaller and more anhedral than tbose at higher 
temperatures. 
Glass mainly tnterstit.lal (20 -30%). Crystalline phases mostly occur as very fine 
aggregates. Small, tabular laths or Cpx. Olivine as more equldimenstonal grains. 
Small, euhedral ollvines. 
R. I. slightly < 1. 610. 
Very c lose to !Jquldus. Minor ollvine as medium, well developed, euhedra. 
Minor o!Jvi ne, 
Aggregates or olivine crystals • 
Ollvine :s Cpx. Cpx ocgurs as small amoeba. O!Jvlne appears to be more abundant 
In th is run than the 1100 C, 9 kb run. 
Similar ollvlne/ cllnopyroxene ratio to 126o0 c run. 
Very near llquldus. 
Mainly glass. Small olivine• with high birefringence. Quench cpx as large, feathery 
lntergrowths. Possibly some primary Cpx. 
Approx. 50-60% glass. Minor quench c px. Minor olivine and very rare spine! - spine! 
so rare that doubt If significant. Cpx, common as small, euhedral crystals (R. I. • 
I. 670). 
Cpx the dominant phase - as small euhedra l -anhedral grains, often forming small 
aggregates. Minor spine! occurs as tiny grains. 
Largely crystalline. Minor glass+ quench cpx. Abundant we! I formed, euhcdral -
s ubhedral Cpx. Rare olivine with high birefringence and pseudo-hexagonal habit. Tiny 
spine!, common - a few relatively large grains also occur (primary ?). X- ray data 
Indicates the presence or amphlbole. 
CONDITIONS OF THE RUN 
Run No. 
807 
825 
852 
821 
819 
812 
814 
818 
815 
868 
806 
804 
803 
839 
838 
Capsule 
Pt 
Pt 
Gr 
Pt 
Pt 
Pt 
Pt 
Pt 
Pt 
Gr 
Pt 
Pt 
Pt 
Pt 
Pt 
Pressure 
(kb) 
22.5 
22.5 
22 , 5 
22. 5 
22. 5 
27 
27 
27 
27 
27 
27 
27 
27 
36 
36 
Temp. 
( OC) 
1420 
1420 
1415 
1410 
1400 
1500 
1490 
1485 
1485 
1480 
1460 
1440 
1400 
1600 
1580 
Time 
(min~ 
30 
30 
60 
30 
30 
20 
20 
20 
20 
60 
20 
30 
30 
5 
10 
TABLE 10 (Contd) 
PHASES PRESENT COMMENTS 
Glass 
Cpx + q-cpx + q-sp + Glass 
~ + q-sp + q-!!.!!!J) + Glass 
Cpx + q-cpx + q-sp + Glass 
~ + q-cpx + q-sp + Glass 
q -cpx + Glass 
q-cpx + Glass 
Cpx + q-cpx + Q··Sp + Glass 
Cpx + q-cpx + q-sp + Glass 
+ ~ + q-cpx + q-sp + Glass 
+ ~ +Sp+ q-<:px + q-sp + Glass 
~ + q-sp + Glass 
~ +Ga + Glass 
Cpx + Ga+ Sp+ q-cpx + q-sp + 
Glass 
Cpx + Ga+ Sp + q-cpx + q-sp + 
Glass 
Very patchy run. In part, clear glass or glass + radiating crystals of q-cpx; in part, 
blocky, primary Cpx + glass. Very rare spine! - considered to be quench. 
Mainly medium, euhedral -subbedral Cpx. Quench cpx shows characteristic ribbing. 
Tiny spine! common. 
Suspect 4 0 - 50% melting. 
Near solidus. Abundant small, euhedral-subhedral Cpx. 
Mainly glass. Quench c px common - characterised by ribbed appearance. 
Similar t o 1S00°c run. 
Practically right on liquidus. Quench cpx common. Very rare , clear, moc'erately large 
pr imary Cpx. 
Similar to run 818 (1485°C), 
Small , euhedral - subhedral primary Cpx. Large grains of quench (ribbed). 
Cpx the major crystalline phase. Very minor green-greenish brown spineL Occurs 
as rel. large, euhedral - subhedral grains. 
Minor glass - mainly interstitiaL Minor tiny spine!. 
Very clOlle to solidus. Cpx > > Ga. Cpx occurs as small amoeba and as subhedral -
anhedral grafos. Very rare garnet as large, euhedral crystals. Rare, interstitial 
glass (10%). 
Glass, scarce. Abundant q -cpx (ribbing rare). Primary Cpx as c lear , medium crystals. 
Abundant, large, subrounded garnet - much more plentiful than In the 1S80°C run. 
Often contains small Inclusions of Cpx and Spine!. Smell Spine!. Run does not appear 
to be as close to the llquidus as th e 1S80°C run. 
Abundant glass+ q-cpx (ribbed). Primary Cpx, the principal crystalline phase -
notable for Its coarse grain size and the high bl refrlngence colours displayed by some 
of the grains. The large garnet anhedra are vi rtually Inclus ion- free. Relatively large 
spine! euhedra also occur - often as Inclusions in Cpx. 
TABLE 10 (Contd) 
CONDITIONS OF THE RUN PHASES PRESENT COMMENTS 
Run No. 
841 
837 
842 
847 
850 
848 
846 
836 
843 
835 
Capsule 
Pt 
Pt 
Pt 
Gr 
Gr 
Gr 
Gr 
Pt 
Pt 
Pt 
Pressure 
(kb) 
36 
36 
36 
36 
36 
36 
36 
36 
36 
36 
Temp. 
( OC) 
1580 
1560 
1560 
1560 
1550 
1540 
1520 
1520 
1520 
1480 
Time 
(minsj 
10 
10 
5 
60 
60 
60 
60 
15 
10 
20 
Cpx + q-cpx + Glass 
Cpx + ~ + q-cpx + q-sp + Glass 
Cpx + q-cpx + q-sp + Glass 
q-cpx + q-sp + Glass 
q-cpx + q-sp + Glass 
+ + ~ + Q! + q-sp+ Glass 
~ + .Q!1 + q-sp + Glass 
~ + Q! + Glass 
~ + q-cpx + q-sp + Glass 
~ + ~ + q-sp + Glass ? 
• Presence of underlined phase confirmed by X- ray and/ or probe data. 
+ Indicates phase analysed by probe. 
Run first brooght to 27 kb, 1sso0 c and pressure then increased slowly to 36 kb in order 
to approach the desired conditions through the liquidus field. 
Predominantly glass + minor q-cpx. A few clear, euhedral grains of primary Cpx. 
Glass mainly interstitial Common primary Cpx as rel. large, tabular grains. Scarcer 
subhedral-anhedral garnet, often with tiny spine! inclusions,, 
Run first brought to 27 kb, 1560°c and pressure then increased to 36 kb. 
Only slightly more crystalline than run 84 1. 
Approx. 95% glass. Minor q-cpx - maJnly as large plates with characteristic ribbed 
texture; also as rounded inclusions (lacking ribbing) 1 n glass. Very rare spineL 
Approx. 95% glass. 
Minor glass. Cpx, chiefly as small amoeba - more rarely as small, euhedral crystals. 
Abundant, large garnet euhedra - small inclusions (mainly spine!), common. 
Minor interstitial glass. Abundant , large garnets - frequently contain small inclusions 
(mainly spine!). Common, small Cpx euhedra - mainly inclusion-free. 
Minor interstitial glass. Common Cpx as small grains. Abundant large, euhedral crystals 
of garnet - contain numerous tiny inclusions. 
Run brought to 27 kb, 1520°c and pressure thin Increased to 36 kb. Abundant glass -
rare q-cpx. Primary Cpx, plentiful , as clear euhedral plates some of which display 
very high birefringence colours. Tiny spine! Inclusions, common. More crystalline than 
run 842. 
Glass not observed. Charge consists of small Cpx amoeba and large. poik.illtig garnet 
euhedra. Tiny spinet. Garnet appears to be much more abundant than in 1100 C run. 
Abbreviations used: 01 • olivine, Cpx • clinopyroxene, Pl a plagloclase, Sp• spine!, Ga• garnet, q-cpx • quench cllnopyroxene, q-sp • quench spine!, 
q-amp • quench amphlbole , Pt ~ platinum, Gr• graphite. 
TABLE 11. Details of Partial Melt~ Experiments on the PICRITIC NEPHEUNITE Compoeltion under DRY Conditions. 
CONDITIONS OF THE RUN 
Run No. 
1060 
1038 
1036 
1023 
1027 
1046 
1026 
1024 
1071 
1085 
1022 
1037 
1044 
1126 
1129 
104 5 
Capsule Preuure 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Pt 
Pt 
Gr 
(kb) 
9 
9 
9 
9 
9 
18 
18 
18 
18 
18 
22. 5 
22. 5 
22. 5 
22.5 
22. 5 
Temp. 
( 0 C) 
1410 
1405 
1390 
1380 
1260 
1240 
1420 
1410 
1400 
1380 
1380 
1480 
1470 
1470 
1470 
1460 
Time 
(m~ 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
15 
5 
60 
PHASES PRESENT 
• QL° + Glau 
+ Q! + Glass 
ot + q-sp + Glass 
Q!+ + q-sp + Glass 
Q!_ + Glass 
01 + Cpx + Glass 
Glase 
+ Q! + ~ + q-cpx + q-sp + Glass 
01+ + Cpx + Ga+ q-cpx + q-sp 
-. Glass -
QL° + Cpx + <.:1!. + q-cpx + Glass 
Q!+ + ~ + Ga + Amp? + q-sp 
+ Glass 
+ Q! + q-sp + Glass 
q-sp + Glass 
Q! + q-cpx + Glass 
Q! + Glass 
+ + 
.Q! + ~ + q-cpx + q-sp + Glass 
COMMENTS 
Very close to llquidus. Olivine as rare, medium, euhedral crystals. 
SlmJlnr to 1410°c run. Olivine tends to be confined to the central portions of the sample. 
Similar to above runs. Minor quench spJnel as tiny hJgh relief graJns in the olivine and 
glass. 
Similar t o 1390° run. 
Glass > SO'L Abundant olivine as small euhedral - subhedral crystals - also as rare, 
larger grains. 
Glass mainly interstltJaL Olivine as small, euhedral-anhedral grains. Rsre, small, 
irregular Cpx. 
Mainly glass (8 5 - 90':l) + minor q-cpx. Well formed , euhedral olivine, dominant. Rsre 
prl mary Cpx. 
Glass 90';1 . Minor fine quench. Olivine >> Ga :s Cpx. Rsre garnet as small rounded 
grains. Tiny spine! occasionally occurs in the olivine and glass. 
Approx. 10- 15':l olivine. A few small, euhedral - rounded garnets. MJnor fine quench. 
Not as crystal!Jne as run 1022. 
Minor interstJtJal glass. Small - medium olivine, common - occurs as discrete grains 
and as small clusters (result of crystal settling?). Small Cpx amoeba, common ; very rare 
garnet. Occasional, small, narrow laths of amphibole? occur with small extinction angles 
and low birefringence. 
99% glass. Well formed olivine. Very rare s pine! Inclusions. 
A few small spherules of quench clinopyroxene. 
95% glass + mJnor q-cpx. Medium, well formed gralns of olivine. 
SlmJlar to run 1126 - possibly slightly more c rystalline. 
Approx. 85% glass + q-cpx. 01 > Cpx. Euhedral olivine, often showing characteristic 
crystal habits. Primary Cpx as small, Irregular grains. 
Run No. 
1086 
1083 
1030 
1124 
1084 
1021 
1172 
1173 
1174 
117 5 
1176 
1177 
1048 
1041 
1068 
1132 
1069 
CONDITIONS OF THE RUN 
Capsule 
Gr 
Gr 
Gr 
Pt 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Pt 
Gr 
Pressure 
(kb) 
22. 5 
22. 5 
22. 5 
22. 5 
22. 5 
22 . 5 
24. 8 
24 . 8 
24. 8 
24. 8 
24. 8 
24. 8 
27 
27 
27 
27 
27 
Temp. 
( 0 C) 
1455 
1450 
1450 
1450 
1440 
1430 
152 0 
1480 
1470 
1460 
1450 
1440 
1560 
1540 
153 0 
1525 
1520 
Time 
(min~ 
60 
60 
60 
20 
60 
60 
30 
30 
30 
30 
30 
30 
60 
60 
JO 
10 
60 
TABLE II (Cont~ 
PHASES PRESENT COMMENTS 
Q! ... -1- f£!L -1- q-cpx -1- Glass 
~ ... -1- Ga -1- q-cpx -1- q - ep ... 
Glass 
.Q! -1-0px-1-~-1-Ga-1-~-1-
q-cpx -1- q-ep + Glass 
Q! ... -1-...£1!! ... -1- Glass 
... ... Q!_ + ~ -1- §£ -1- Amp -1- q -cpx 
+ Glass 
QC -1- ~-1- -1- Ga ~ A..!!!.l> -1-
q-ep -1- Glass 
q-cpx -1- Glass 
q -cpx + Glass 
.Q!+ -1- Glass 
Q! + q-sp + Glass 
.Q! ... -1- .£1!!< + -1- Ga -1-~ -1- q-cpx 
+ Glass 
Ql. .. + £1!!_ ... -1- Ga -1- Amp -1- Glass 
q -cpx -1- Glass 
q - cpx + Glass 
q -cpx -1- Gla88 
Q!-1- ... q-cpx -1- Glass 
q - cpx -1- Glass 
Close to llquldus. Main ly quench Cpx -1- minor glass (approx. 98%). Primary Cpx is 
often associated with olivine - occaelonallv occurs as large , euhedral grruns enclosing 
much smaller oUvlnee. The large , ragged quench c px is finely ribbed. l. pprox. 75-80% 
glass + quench. 
Abundant common me<lium- large (often > 100 mlcrons across) tabular orthopyroxene. 
MJnor garnet (not seen In the polished section). 
Scarce olivine; small , subhedral-anhedral primary Cpx; small, rounded garnets. A few 
email , tabular grains of Opx - have low relief and birefringence , straight extinction and 
are generally mantled by narrow outgrowths of q-cpx. X-ray data indicates the presence 
of amphibole - suspect it to be mainly quench. 
Largely crystalUn e ; mlnor interstitial glass ; small olivine and Cpx. The Cpx tends to 
occur in smalJ aggregates. 
Fine grained ; glassy. One small spine! grain was detected with the probe. 
Fine grained ; interstitial glass. Abundant olivine. Small, anbedral Cpx aggregates. Minor 
garnet. Rare a mphibole occurs as small, tabular grains with low birefringence, practic-
ally straight extinction and high relief and R. I . 
Ragged grains of minor quench c px. 
Quench clinopyroxene, common. 
Approx. 99% g!aee. Rare ollvine euhedra. 
Glass , 95%, Relatively common, medium - large olivine. Tiny rounded grains of 
quench spine!, minor. 
Minor glass, 01 • Cpx. Rare garnet. 
Glass interstitial C<'mmon Cpx; rare olivine and garnet. 
Only a few email grains of quench material 
Glass > 99 
Slmllar to 1540°c run . 
Glass , 98 Minor quench cUnopyroxene. 
Run was first tsken to 1540°c for 2 - J mlnutes. MJnor quench cpx with fine ribbing. 
CONDITIONS OF THE RUN 
Run No. 
1042 
1031 
1043 
1072 
1131 
1076 
1074 
1025 
1020 
1137 
1032 
1079 
1082 
1123 
Capoule 
Gr 
Gr 
Gr 
Gr 
Pt 
Gr 
Gr 
Gr 
Gr 
Pt 
Gr 
Gr 
Gr 
Gr 
Pressure 
(kb) 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
31, 5 
31, 5 
31. 5 
Temp. 
( OC) 
1520 
1510 
1510 
1510 
1510 
1505 
1500 
1500 
1490 
1480 
1400 
1570 
1565 
1565 
Time 
(mlns) 
60 
60 
60 
60 
10 
60 
60 
60 
60 
15 
60 
30 
30 
30 
TABLE 11 (Contd) 
PHASES PRESENT 
Ga+ Amp+ Glass 
.Q! + q-cpx + Glass 
~+ + Ga+ Amp+ q-cpx + Glass 
~ + Ga + Amp + Glass 
Q! + ~+ + q-cpx + Glass 
01 + ~+ + Ga + q-cpx + Glass 
Q!+ + ~+ + ~ + q-cpx + Glass 
+ + + Q! + ~ + ~ + ~ + q-cpx 
+ q-sp + Glass 
~ + ~+ + q-cpx + q - sp + Glass 
~ + ~+ + Q! + A9 + Glass 
Q!_ + ~ + Q! + ~ + Glass 
Ga + q-cpx + Glass 
Q!+ + £e!L + Q! + + q-cpx + Glass 
q-cpx + Glass 
COMMENTS 
Minor amphibole as narrow laths (R.1. > 1. 670). Most grains give straight extinction -
some give slightly Inclined. Rare garnet - ma.l.nly rounded, sometimes eubedral. 
Mainly glass. A few large grains of quench cpx with fine ribbing. Rare olivine. 
MaWy glass + quench cpx. Rare primary Cp"o - as large , euhedral grains. Minor 
primary amphibole, similar to that In the 1520 C run (1042). Rare garnet concentrated 
towards the margins of the polished section. 
Mainly glass. Lack of quench. Small tabular grains of primary amphibole detected l.n 
the crush. Also a few small, rounded garnets. 
Approx. 90% glass + quench cpx. Medium, well formed crystals of Cpx. Small olivine. 
Cpx >>OL 
Temperature first taken to 1540°c for approx. 2 minutes. Abundant glass+ fine 
quench materlaL Rare garnet and olivine. 
Temperature first taken to 1535°c for 2 - 3 mills. Abundant glass+ quench cpx. Large 
eubedral-subhedral primary Cpx. Common small olivine eubedra. Cpx > OL 
Glassy. Coarsely ribbed quench cpx common. Rare olivine. Medium, subhedral Cpx; 
eubedral garnet (inclusion-free). Cpx > Ga > > 01. 
More glassy than 1500°c run (1025), Mainly glass+ coarsely ribbed quench cpx (con -
fined to the marginal portions of the section). Primary Cpx occurs as large grains 
associated with the quench material. Towards centre of section have only glass + 
small oli vl.ne eubedra. 
lnterstltlal glass ( < 50%). Cpx> Ga > > OL Small rounded garnets fairly common. 
Rare olivine and amphibole. 
Fine grained. Minor, interstitial glass. Sma.ll rounded garnets very abundanL Cpx 
as small, Indistinct grains. Smali, blocky crystals of ollvl.ne common. Minor 
amphJbole. 
Very close to liquJdus. Rare, eubedral garneL 
Approx. 95% glass + quench cpx. Prinury Cpx as large grains with numerous, 
small garnet inclusions. Small , rou.nded garnets common - often occur In small 
clusters. Very rare olivine. 
Quench cpx as rounded, brownish coloured grains, Ribbing Is uncommon. 
TABLE II (Cont~ 
CONDITIONS OF THE RUN PHASES PRESENT COMMENTS 
Run No. 
1077 
1057 
1056 
1049 
1065 
1063 
1062 
1061 
Capsule Pressure Temp. Time 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
Gr 
(kb) ( OC) (mine) 
31. 5 1560 30 
36 1640 30 
36 1620 30 
36 1600 30 
36 1595 30 
36 1590 30 
36 1580 30 
36 1560 30 
+ + ~ + Ga + q-cpx + Glass 
q-cpx + Glass 
q-cpx + Glass 
Ga + q-cpx + Glass 
Q!+ + q-cpx + Glass 
Ga+ + q-cpx + Glass 
+ + ~ + Q! + q-cpx + Glass 
+ + ~ + Ga + q-cpx + Glass 
Approx. 90% glass + quench c px. Primary Cpx as abutvlant , large, subhedral graJns 
with somewhat ragged margins. Small, rounded garnets , plentiful. 
Above liquldus. MaJnly quench cpx. 
Similar to 1640°c run. 
Practically right on Uquidus. Minor glass ; very abutvlant quench c px. Only a couple 
of small garnet crystals, 
Mainly quench c px (80 -85%) with well developed ribbing. Small, subhed'i,81 garnet 
common; tends to occur In small c lusters ; not as abundant as In the 1590 C run. 
Minor glass. Abutvlnnt quench cpx - coarsely ribbed with well developed feathery 
outgrowths. Small , anhedraJ garnet (10-15%). 
Large clinopyroxenes faJrly common - often contain small garnet inclusions. 
Sim ilar to 1580°C run - finer grained - quench not as abutvlant. 
• Presence of underlined phase confirmed by X- ray and/ or probe data. 
+ 
lndJcates phase analysed by probe. 
Abbreviations used: 01 • olivine, Opx = orthopyroxene, Cpx • clinopyroxene, Ga • garnet, Sp• spinel, Amp• amphibole, q-cpx • quench cUnopyroxene, 
q-sp • quench spineL 
Run No. 
1203 
1206 
1207 
1202 
1200 
1198 
1186 
1184 
1187 
1172 
1173 
1174 
1175 
1176 
1177 
1190 
1191 
1192 
1193 
TABLE 12. Deta.111 of Partial Me!Ung Experiments on the OUVINE BABANITE CompoelUon under DRY condJUons. 
CONDITIONS OF THE RUN 
Pre11ure 
(kb) 
Temp. 
( OC) 
Time 
(~ 
PHASES PRESENT COMMENTS 
Rune Conducted u.alng GRAPIUTE Sample Conta.lnere. 
13. 5 1400 30 'Q!+ + £1!!+ + q-sp + Gla88 
13. 5 1380 30 ~+Glass 
13, 5 1340 30 Q!. + Q!! + q-q,x + Glaaa 
18 1420 30 ..Q!+ + ~ + q-cpx + Glau 
18 1400 30 Q!.+ + Opx + £1!! + q-cpx + Glau 
18 1380 30 Q!.+ + ~+ + q-cpx + Glau 
22. 5 1450 50 Q!.+ + £1!!+ + q-q,x + Glau 
22. 5 1440 30 Q!. + £1!! + q-cpx + Glaes 
22. 5 1420 30 Q!. + ~ + Glaeo 
24. 8 1520 30 Glau 
24. 8 1480 30 01 + q-q,x + Glass 
24.8 1470 30 01 + Glass 
24.8 1460 30 01 + q-sp + Glaaa 
24. 8 1450 30 Q!. + ~ + Ga + q-ep + Glass 
24. 8 1440 30 Q!. + ~ + Ga + Glass 
27 1510 30 Q!.+ + q-cpx + Glase 
27 1490 30 Q!. + £1!!+ + q-cpx + Glass 
31. 5 1550 30 QI++ q-cpx + Glaee 
31. 5 1530 30 £1!!+ + 2,/ + q-cpx + Glaee 
: Presence of underlined phase confirmed by X-ray and/ or probe data. 
Indicates phase analysed by probe. 
85-90% glasa ; rare fine grained quench cpx; abundant emall olivine euhedra. 
Approx. 95% glaas; closer to the Uquldus than 1400°c. run. 
Approx. 80 - 85% glass; rare fine quench cpx; abundant email olivine euhedra; Minor 
prl mary Cpx. 
Mainly glau + common fine quench cpx (90-95%). 01 > Opx. Common Opx as medlum, tabular 
grains sometlmee mantled by quench cpx. 
Approx. 85% glass + quench cpx. 01 > Cpx > > Opx. Common ema.ll Cpx euhedra; rare Opx -
gralnalze much larger than that of the 01 or Cpx. 
85% glase ; quench cpx very rare; dominant 01 aa email euhedra; primary Cpx ae similar 
sized grulna. 
Que ncb cpx common. 01 ;,,: Cpx. 
Similar to 1450°c run. 
Largely crystalline, lntereUUal glaea. 01 ;,: Cpx. Cpx occurs ae small, euhedral-eubhedral 
grains elmllar to the olivine crystals. 
Entirely glass. 
Glau+ quench cp>: > 99%; a couple or large, euhedral olivlnea. 
Pract. enUrely glass (98%). A few medium oUvlnes. 
Approx. 95% glass; tiny , rounded grains of quench eplnel common. 
Largely cryetalllne; minor lnteretltlal glass. 01 > Cpx > Ga. Uncommon garnet ae small, 
rounded 1raJne. 
Similar to 14so0 c run 
Approx. 99% glass ; rare fine grained quench; a few medium euhedral olivlnee. 
About SO% cryetallleed; glass generally lnteretltlaL 01 and Cpx occur as small, eubhedral 
gralne. 01 ;,: Cpx. Minor quench material. 
Common quench cpx as large, greenish-brown grains with ragged outllnee. Ribbing le strongly 
developed. 
Molnly quench cpx + minor glass; email, eubbedral Cpx; small, rounded garnets. Cpx > > Ga. 
AbbrevlaUona used: 01 • olivine, Cpx • cUnopyroxene, Opx • orthopyroxene, Sp • opine!, Ga• garnet, q-ep • quench eplnel , q-cpx • quench cUnopyroxene. 
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olivine nephelinite composition for a range of P-T conditions are shown 
diagrammatically in fig. 4. Because of the uncertainties involved in 
obtaining consistent liquidus temperatures using graphite capsules, no 
attempt has been made to present graphically the data obtained from "dry" 
partial melting experiments on the picritic nephelinite and olivine basanite 
compositions. 
1. Description of phases 
Olivine, orthopyroxene, clinopyroxene, garnet and plagioclase 
possess features exactly similar to those described by Green and Ringwood 
(1967b). Quench clinopyroxene commonly occurs in moderate and high 
pressure runs - generally as feathery outgrowths rimming primary crystals. 
Close to the liquidus it is often present as relatively large, irregular 
grains. These possess a characteristic ribbed appearance, probably due 
to the orientation of very small inclusions. At very high pressures (around 
36 kb) ribbing is very rare. The quench clinopyroxene now occurs as 
rounded grains, greenish-brown in colour. Primary clinopyroxene crystals 
are clear and have slightly lower refractive indices than the quench material. 
Spinel is not regarded as being a primary phase in most of the 
liquidus runs because of its occurrence as very tiny, rounded grains rather 
than as somewhat larger crystals possessing characteristic euhedral 
habits and rhombic outlines. The former have probably formed during 
quenching. Rare grains of what appear to be primary spinel occur, for 
example, in the 22. 5 kb, 1430°c and 27 kb, 1460°C runs on the olivine 
nephelinite. 
2. Crystallisation at 1 atmosphere. 
Only the olivine nephelinite composition was studied experi-
o 
mentally at 1 atmosphere. The liquidus temperature is around 1370 C. 
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Olivine is the liquidus phase. A large temperature interval exists in 
which olivine is the sole primary phase to crystallise. At 1150° c 
olivine coexists with clinopyroxene and plagioclase, the degree of 
crystallisation having increased very markedly compared with the 
higher temperature runs. The 1150 ° C run appears to be close to the 
solidus. There is, therefore, a temperature interval of around 200 
degrees in which the residual liquid trend is determined by the separ-
ation of olivine alone. The partial melting or crystallisation interval 
is at least 2 50 degrees. 
3. Crystallisation at 9 kb. 
The liquidus phase in all three compositions is olivine. 
The liquidus temperature in the olivine nephelinite is still around 137o0 c. 
0 At approx. 1260 C olivine is joined by clinopyroxene. With further 
decrease in temperature, the latter rapidly becomes the dominant 
crystalline phase. In the picritic nephelinite, the liquidus lies a little 
0 
above 1410 C. However it must be remembered that graphite capsules 
were used in most of the runs on the picritic nephelinite composition. 
Consequently liquidus temperatures may be slightly lower than they 
would be if platinum capsules were used. Olivine and clinopyroxene 
0 
crystallise together in the 1240 C run. At 9 kb, therefore, a temperature 
interval of at least 110 degrees exists in which the separation of olivine 
governs the early fractionation trends in both compositions. In both 
cases the degree of crystallinity shows a marked increase at the onset 
of clinopyroxene crystallisation. The picritic nephelinite with the higher 
++ 
normative olivine content, higher Mg/ Mg+ Fe ratio and lower total 
alkalies has the higher liquid us temperature at 9 kb ( even after using 
graphite capsules) and the larger temperature interval in which olivine 
is the sole crystalline phase to separate. 
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4. Crystallisation at 13. 5 kb. 
Only three runs on the olivine basanite were conducted 
at this pressure. The liquidus was not accurately established but it 
most probably lies around 1410-142o0 c (using graphite capsules). 
Olivine is the liquidus phase. Clinopyroxene commences to crystallise 
0 
at a temperature around 1340 C. One can, therefore, assume olivine to 
be the liquidus phase in this composition at lower pressures. 
5. Crystallisation at 18 kb. 
Olivine was first observed in the 14oo0 c run on the olivine 
0 
nephelinite. At 1380 C some primary clinopyroxene is possibly present. 
Definite clinopyroxene occurs in the 1360 ° C run. With decreasing temper-
ature clinopyroxene becomes the dominant phase. In the picritic 
nephelinite, the liquidus is at approx. 1415°C (graphite capsules). At 
0 
1410 C the charge consists of dominant olivine+ rare clinopyroxene. 
Olivine is assumed to be the liquidus phase. Clinopyroxene increases 
in amount with decreasing temperatm·e. At 1400 ° C very rare garnet occurs. 
It is apparent in the above compositions that, with increasing 
pressure, the temperature interval between the first appearance of olivine 
and clinopyroxene progressively decreases. Fractionation trends at 18 kb 
are governed by the separation of both olivine and clinopyroxene. At 
temperatures near the solidus, precipitation of garnet would also effect 
to some degree the compositions of the residual liquids derived from 
the picritic nephelinite. 
At 1420°c the olivine basanite crystallises olivine+ 
0 
orthopyroxene (graphite capsule). By 1400 C these two phases have been 
joined by clinopyroxene. Orthopyroxene has decreased in amount com-
pared with the 1420 ° C run. Olivine and clinopyroxene are the only 
crystalline phases in the 1380 ° C run, orthopyroxene having disappeared 
65. 
completely. It appears a reaction relationship exists between ortho-
pyroxene and liquid (producing clinopyroxene) so that with decreasing 
temperature the orthopyroxene reacts out of the system. 
6. Crystallisation at 22. 5 kb. 
0 
A graphite run at 1430 C on the olivine nephelinite com-
position yielded abundant clinopyroxene + rare olivine. Olivine was not 
detected at lower temperatures (platinum capsules), clinopyroxene being 
the sole, primary crystalline phase present at least down to temperatures 
0 0 
around 1400 C. One platinum run at 1420 C yielded a charge consisting 
entirely of glass. However fig. 4 indicates that the liquidus should be 
0 
around 1450 C at 22. 5 kb. The entry of small amounts of water is the 
most likely explanation for the lowering of the liquidus. Clinopyroxene 
+ 
- minor olivine crystallises over an interval of at least 50 degrees. The 
elimination of olivine as a phase separating at temperatures below the 
liquidus implies the existence of a reaction relationship between olivine 
and liquid, aluminous clinopyroxene being produced. 
Olivine is the liquidus phase in the picritic nephelinite 
composition, the liquidus being around 1490 ° C. Runs at 1470 ° C for 5 
minutes and 15 minutes, using platinum capsules are mutually consistent 
and are also consistent with graphite runs at 1480°C and 147o0 c. Olivine 
is joined by clinopyroxene at 1460°c, while garnet occurs at 1430°C. With 
decreasing temperature the proportion of clinopyroxene increases quite 
rapidly. The occurrence of minor amphibole in some of the runs is 
attributed to the presence of water in the sample capsules. Orthopyroxene 
occurs in two runs at 1450°c. Work on the same composition under wet 
conditions indicates that the occurrence of orthopyroxene is due to the 
entry of significant (but still quite small) quantities of water into the 
capsules during the runs. Comparison of the experimental data at 22. 5 kb 
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and 18 kb (picritic nephelinite composition} suggests that there is a 
temperature interval of at least 20 degrees at 22. 5 kb in which olivine 
crystallises alone, while at 18 kb olivine appears to be joined by clino-
pyroxene almost immediately. It is considered that the liquidus has been 
0 
suppressed by greater access of water to the 1420 C, 18 kb run - this 
should have yielded olivine+ glass. The anticipated liquidus temperature 
at 18 kb, comparing runs at 9 kb and 24. 8 kb, would be in the range 
1450 - 147o0 c. 
Olivine and clinopyroxene (olivine > clinopyroxene) were 
the only crystalline phases observed in the olivine basanite from 1450° C 
to 1420 ° C {graphite capsules). 
7. Crystallisation at 24. 8 kb. 
Only a few runs on the picritic nephelinite were conducted 
at this pressure. The liquidus is around 1470-8o0 c (graphite capsule), 
olivine being the liquidus phase. A 1450° C run yielded the assemblage 
olivine + clinopyroxene + garnet + liquid {olivine ~ clinopyroxene > >garnet) 
8. Crystallisation at 27 kb. 
The liquidus for the olivine nephelinite composition lies 
around 1490 ° C. Clinopyroxene is the liquid us phase ( confirmed by runs 
in both platinum and graphite capsules). There is a temperature interval 
of at least 45 degrees in which fractionation processes are governed by 
0 the crystallisation of clinopyroxene, garnet being first observed at 1400 C. 
Rare, primary spinel occurs in the 1460 ° C run, but it is doubted that it 
is present in sufficient quantities to significantly effect major fractionation 
trends. 
Olivine is still the liquidus phase in the picritic nephelinite. 
Use of platinum capsules indicates that the liquidus temperature is approx. 
1530 ° C, whereas using graphite capsules the liquidus appears to be around 
1510-1515°c. The discrepancy is no doubt due to the presence of small 
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amounts of water in the latter. Clinopyroxene is the second phase to 
crystallise, closely followed by garnet. 
Very few experiments were carried out on the olivine 
basanite at this pressure. Olivine is also the liquidus phase in the olivine 
basanite at 27 kb, the liquidus temperature being approx. 1510 ° C (using 
graphite capsules). An olivine+ clinopyroxene assemblage was recorded 
at 149o0 c. 
9. Crystallisation at 31. 5 kb. 
Very few runs were conducted at this pressure. In the 
picritic nephelin ite, garnet appears to be the liquidus phase and is joined 
very quickly by clinopyroxene at temperatures below the liquidus. Rare 
olivine was observed in one of the rtmS. The olivine basanite liquidus 
appears to lie around 1540 ° C (using graphite capsules). A 1530 ° C run 
yielded an assemblage of garnet and clinopyroxene. 
10. Crystallisation at 36 kb. 
Difficulty was experienced in determining the olivine nephelinite 
liquidus precisely at 36 kb using platinum capsules. Clinopyroxene and garnet 
occur together in near-liquidus runs at 1580 ° C and 1600 ° C. As a check on 
the possibility that the phases, in particular garnet, formed during the 
bringing of the runs to the desired P-Tconditions a number of runs were 
carried out by approaching the desired conditions through the liquidus field 
rather than the solidus. This was achieved by subjecting the runs to pres-
sures of around 27 kb and to the desired temperatures. The pressure was 
then increased to 36 kb. Using this method, clinopyroxene was the only 
primary phase present at 1580°C and 1560°c. Insufficient time for nuclea-
tion may have been a factor contributing to the non-appearance of garnet 
in runs conducted under such conditions. 
The liquidus, therefore, appears to lie between 1580 ° C and 
162o0 c using platinum capsules. Only graphite runs at 36 kb have been 
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plotted in fig. 4. The data suggests that, rather than possessing a constant 
rate of increase at pressures > around 20 kb as shown in fig. 4, the liquidus 
temperature increases at a more rapid rate at pressures > 30 kb. Such a 
feature would no doubt be due to the crystallisation of garnet as a liquidus 
or near-liquidus phase. Using graphite capsules ( and consequently much 
longer run times) the same phases occur but clinopyroxene and garnet 
0 0 first appear in the 1540 C run, the 1560 C run being above the liquidus. 
The liquidus is at approx. 1545°C. The solidus temperature at 36 kb is 
around 148o0 c. Glass could not be detected in the 148o0 c run (graphite 
capsule). The partial melting or crystallisation interval is, therefore, 
only about 100 - 130 ° C (c. f. the interval at atmospheric pressure). 
The picritic nephelinite liquidus is at approx. 1600°c 
(graphite capsule). Garnet is the liquidus phase and is joined by clino-
o pyroxene at 1580 C. With decreasing temperature, clinopyroxene becomes 
the most abundant phase. Therefore, fractionation trends are determined 
initially by the precipitation of garnet alone (over a temperature interval 
of approx. 20°C). However, with a lowering in temperature, clino-
pyroxene separation becomes the more important. 
Summary of the Most Significant Experimental Results. 
Features to be noted include the following :-
(a) The persistence of olivine to pressures greater than 20 kb. Olivine 
last appears on the liquidus at 22. 5 kb in the olivine nephelinite, 
27 kb in the olivine basanite and 31. 5 kb in the picritic nephel-
inite. In the more saturated basaltic compositions studied by 
Green and Ringwood (1967b) olivine had ceased to crystallise 
by 13. 5 kb, except from the picrite. Olivine was last observed 
in partial melting assemblages of the picrite at 22. 5 kb. 
(b) The contraction of the field of crystallisation of olivine as the 
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pressure increases. This is accompanied by a corresponding 
expansion in the field of crystallisation of clinopyroxene. The 
degree of crystallisation is relatively low where olivine is the 
only crystallising phase. However, when joined by clinopyroxene 
the degree of crystallisation generally increases markedly, 
especially at the lower pressures. At higher pressures the 
effect of clinopyroxene crystallisation on the degree of crystall-
isation is not as marked. 
(c) The reaction between liquidus olivine and liquid in some cases, 
to form clinopyroxene at lower temperatures. The near-liquidus 
orthopyroxene crystallising from the olivine basanite at 18 kb 
also reacts with liquid at lower temperatures to form clino-
pyroxene. 
(d) The crystallisation of orthopyroxene from the olivine basanite, the 
most SiO - rich composition studied, under dry conditions. Ortho-
2 
pyroxene did not occur in dry runs on the more undersaturated 
nephelinites. 
(e) The initial occurrence of garnet in partial melting assemblages of 
the picritic nephelinite at 18 kb, the olivine basanite at 24. 8 kb 
and the olivine nephelinite at 27 kb. The former two have similar 
+t 
normative olivine contents and Mg/Mg+ Fe ratios, while the 
Mg/ Mg+ Fe++ ratio of the olivine nephelinite is slightly lower 
and its normative olivine content much lower. 
(f) The restriction of plagioclase to near-solidus assemblages of the 
olivine nephelinite at pressures around 1 atmosphere. 
(g) The constriction of the partial melting interval with increasing 
pressure. At 1 atmosphere the interval is at least 250 degrees 
for the olivine nephelinite composition while at 36 kb it is approx. 
70. 
100-130°C. Up to pressures around 10 kb (i. e. , at 
pressures where olivine separation is dominant) the liquidus 
temperature is almost independent of pressure. With the increas-
ing importance of clinopyroxene crystallisation at higher pressures 
the liquidus temperature increases more rapidly with increasing 
pressure, so that at pressures from around 18 - 20 kb to pressures 
around 30 kb it possesses a constant gradient of approx. 9°C/kb. 
Liquidus temperatures at pressures > 27 kb are not precisely 
known. However, the data suggests that, at pressures > around 
30 kb, the liquidus temperature increases at a more rapid rate 
due to the crystallisation of garnet as a liquidus or near-liquidus 
phase. 
Analytical Results 
Microprobe analyses of olivines, clinopyroxenes and garnets 
are listed in Tables 13, 14, and 15. In general, crystals were large 
enough for reliable analysis only in near-liquidus runs. 
(a) Olivine analyses. 
Only partial analyses, determining Cao, Al2 o 3 , FeO and 
sometimes MgO, have been carried out. The Si02 , and in most cases 
MgO, contents have been calculated assuming stoichiometry. The olivines 
analysed are characterised by extremely low Al2 o 3 contents. Most values 
are less than O. 2% and could not be separated from background readings. 
A relatively high Al2o 3 content (0. 2% and greater) is taken as an indica-
tion of a poor analysis. This is invariably due to the very small grainsize 
of the crystals being analysed with consequent interference from the 
surrounding material (usually glass or quench). The olivines also possess 
low but measurable CaO contents. These vary from O. 3% to o. 5%, 
generally being around O. 4%. The latter value compares closely with 
the O. 4% Cao in olivine from Kilauean tholeiites reported in a preliminary 
J 
, 
TABLE 13. Compositions o( OU vines analysed by electron rnicroprobe. For the Olivine Nephellnite Fe, Ca, Mg (unless otherwise 
lrdlcated) determlned by rurect analysis ; SJ02 calculated. Fort.he Olivine Basanlte Fe, Ca, Al determined by rurect 
analysle ; MgO, s10
2 
calculated. 
Compoaltlon OUVJNE NEPHEUNITE OLIVINE BASANITE 
Preaaure (kb) I atmoa. 4. 5 9 9 18 18 18 13. 5 13. 5 18 18 18 22. 5 27 31. 5 
Temperature (0 q 1350 1240 1360 1320 1400 1380 1360 1400 1380 1420 1400 1380 1450 1510 1550 
Capaule Pt Pt Pt Pt Pt Pt Pt Gr Gr Gr Gr Gr Gr Gr Gr 
Run No. All 789 793 791 800 794 828 1203 1206 1202 1200 1198 1186 1190 1192 
S102 41. 2 40.8 
41. 6 40. 6 41. 2 40. 9 40. 8 40. I 40. 5 40. 4 40. 3 40. 3 40. 4 40. 7 40. 6 
Al2o3 
n..d. n. d. n.d. n. d. n. d. n. d. n. d. n. d. 
FeO 7. 7 10.1 6. 4 9. 3 7. 6 9. 5 10. 2 14. 0 11. 3 11 . 8 12. 3 12. 4 12. I 10. 4 11. 0 
MgO 50. s• • 48. 6 51. 9 48.9 50. 8·. 49. 2 .. 48. 1 45. 4 47. 8 47. 3 46. 9 46. 8 47 . 0 48. 5 48. 0 
eao o. 5 o. 5 o. 4 o. 4 o. 4 o. 4 o. 4 0. 5 o. 4 o. 5 o. 5 o. 5 0. 5 0. 4 0.4 
- -- -- -- -- -- -- -- -- -- -- --
-- --
100.0 100. 0 100. 3 99. 2 100. 0 100. 0 100. I 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100.0 100. 0 
100 Mg (mol 
Mg+ Fe ) 92. I 89. 5 93. 5 90.4 92 . 2 90. 2 89. 5 85. 2 88 . 3 87. 7 87. 2 87. 0 87. 4 89. 2 88. 6 
Mol. Proportions 
Fo 91. 5 89. I 92. 9 89.8 91. 7 89. 7 89. 0 84. 8 87 . 7 87. 2 86. 6 86. 6 86. 9 88. 8 88.0 
Fa 7. 9 10.3 6. 5 9. 6 7.7 9. 7 10. 5 14. 6 11. 7 12. 2 12. 8 12. 8 12. 5 10. 6 11. 4 
La o. 6 0. 6 0.6 0.6 o. 6 0. 6 0. 6 o. 6 0.6 0. 6 0.6 o. 6 0. 6 0. 6 o. 6 
Coexlatlng 
Cryatalhne NII NII NII Nil NII Nil Cpx • Cpx • NII Opx Opx Cpx • Cpx • NII Nil 
Phasea + 
Cpx 
• • MgO calculated; low probe counts . 
- lndlcates not analysed for Al2o3
• 
I 
I __!____._ j 
TABLE 13 Contd. Fe, Ca, Al determined by direct analysis ; other components calculated 
PICRITIC NEPHELINITE 
Pressure (kb) 9 9 9 9 18 18 18 18 22. 5 22. 5 22. 5 22. 5 22. 5 22.5 
Temperature ( 0 C) 1410 1405 1390 1380 1410 1400 1380 1380 1480 1460 1455 1450 1440 1430 
Capsule Gr Gr Gr Gr Gr Gr Gr Gr Gr Gr Gr Pl Gr Gr 
Run No. 1060 1038 1036 1023 1024 1071 1022 1085 1037 1045 1086 1124 1084 1021 
8102 40. 8 40. 8 40. 6 40. 6 40. 4 40. 5 39. 8 40. l 40. 7 40. 5 40. 6 41. 1 40. 3 40. 3 
Al20 3 n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. 
FeO 10. 0 9. 6 10. 6 10. 9 11. 9 11. 5 15. 0 13. 7 10. 5 11. 1 11. I 8. 4 12. 5 12. 6 
MgO 48. 9 49. 2 48. 4 48. 1 47 . 3 47. 6 44.8 45. 8 48. 5 48. 0 48. 0 50.1 46. 8 46. 7 
Cao o. 3 0.4 o. 4 0. 4 o. 4 0. 4 0. 4 o. 4 o. 3 o. 4 o. 3 o. 4 0. 4 o. 4 
- - -- -- --
-- -- -- -- -- -- -- -- -- -100. 0 100. 0 100.0 100. 0 100. 0 100. 0 100. 0 JOO. 0 100. 0 100. 0 100. 0 100. 0 100.0 100. 0 
100 Mg (mol) 89. 7 90. 1 89, 0 88. 7 87. 6 88. I 
Mg+ Fe 
84. 2 85. 6 89. 2 88. 5 88. 5 91. 4 87. 0 86. 9 
MoL Pr~nlone 
Fo 89. 3 89. 5 88. 5 88, I 87. I 87 . 6 83. 7 85. I 88. 8 88. 0 88. I 90. 9 86. 4 86. 3 
Fa 10. 3 9. 8 10. 9 11. 2 12. 3 11. 9 15. 7 14. 2 10. 8 11. 4 11. 4 8. 5 13.0 13. I 
La 0.4 o. 6 0. 6 0. 6 o. 6 o. 6 o. 6 0. 6 0.4 o. 6 0.4 o. 6 o. 6 o. 6 
Coexlsung 
Crystalline Nil NLI Nil Nil Cpx• Cpx Cpx• Cpx Nil Cpx• Cpx• Cpx• Cpx• + Cpx• + Phases + Ga Ga+ + Ga Sp .. Ga 
Amp? Amp 
• Denotes crystal phase analysed by probe , 
n. d. 
- Al20 3 not detected (1. e. < o. 2% ), 
l ( 
J 
1 
I 
TABLE 13 Contd. 
PICRJTIC NEPHEUNITE 
Preuure (kb) 24. 8 24.8 24.8 27 27 27 27 27 27 31. 5 
Temperature (0 C) 1470 1450 1440 1525 1510 1500 1500 1490 1480 1565 
Capaule Gr Gr Gr Pt Gr Gr Gr Gr Pt Gr 
Run No. 1174 1176 1177 1132 1072 1074 1025 1020 1137 1082 
Sto2 40.4 40. 3 40. 3 41. 5 40.4 41. 2 41. 5 41. 5 41. 2 41. 2 
Al20 3 n.d. n. d. n. d. n. d. n. d. o. 2 n. d. n. d. n. d. o. 2 
FeO 11. 8 12. 5 12. 8 6. 6 12. I I 1. 7 10.4 10. 8 7. 5 11. 7 
MgO 47.4 46. 8 46. 5 51. 6 47.1 46. 6 47. 8 47. 4 50. 9 46.6 
Cao 0.4 0.4 o. 4 o. 3 0.4 0. 3 o. 3 0. 3 0.4 0. 3 
-- -- -- -- -- -- -- -- -- --
100. 0 100. 0 100. 0 100. 0 100. 0 100.0 100. 0 100. 0 100. 0 100. 0 
100 Mg (mol) 87. 8 87. 0 86.6 93. 3 Mg+ Fe 87.4 87. 6 89. 1 88. 7 92. 4 87. 6 
MoL Pr22ortlona 
Fo 87. 3 86. 4 86. 1 92. 9 86. 9 87. 3 88.8 88. 3 91. 9 87. 3 
Fa 12. 2 13.0 13. 3 6. 7 12. 5 12. 2 10.8 11. 3 7. 6 12. 2 
La 0.6 o. 6 o. 6 0.4 o. 6 o. 5 o. 5 0. 5 o. 6 o. 5 
Coexisting Cpx• Cpx• + Ga+ Cpx• + Cpx• + Cpx• Cpx• + Cpx• + 
Crystalllne Nil +Ga+ Gs Nil Amp Amp ca•+ Ga+ Ga• 
Phases Amp Amp Amp 
Abbreviation.a used: Cpx • cllnopyroxene, Ga • garnet, Sp • spine), Amp• amphlbole, Pt• platinum, Gr• graphlte. 
I ( . I 
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study by Murata, Bastron and Brannock (1965). Readings greater 
than O. 4% CaO are considered to have resulted from interference by 
the surrounding material. The absence of any marked larnite solid 
solution in the olivine is a notable feature. The olivines are no different 
from those crystallised from olivine tholeiite magmas at similar press-
ures (Green and Ringwood, 1967b). 
The chief variation observed in the olivines is in their 
MgO and FeO contents. Liquidus olivines are more forsteritic than 
those formed below the liquidus, i.e., they have higher MgO contents 
and consequently higher Mg/ Mg + Fe ratios • Usually, with decreasing 
temperature, FeO contents progressively increase while MgO contents 
and Mg/Mg+ Fe ratios correspondingly decrease. Therefore, the 
correlation of nominal temperatures with Mg/ Mg + Fe ratios for a 
given composition provides an independent check on the reliability of 
relative temperature intervals between runs. Thus at 9 kb, 1360 ° C, the 
olivine nephelinite crystallises olivine with a FeO content of 6. 4% 
(Fo
93 
), while at 1320° C the olivine contains 9. 3% FeO (Fo90). 
Using graphite capsules, however, it sometimes happens 
that olivines from lower temperature runs possess higher Mg/Mg+ Fe 
ratios than olivines from higher temperature runs at a particular pressure. 
The differences in Mg/ Mg + Fe ratios are often within the limits of 
experimental error, but optical examination of crushed portions of the 
samples often indicates (as far as can be judged) that those runs contain-
ing the olivines with the higher Mg/Mg+ Fe values appear to be closer 
to the liquidus than those containing the olivines with the lower Mg/ Mg+ Fe 
ratios, e.g., at 27 kb, 1510 ° C (run 1072) the pi critic nephelinite crystall-
ised olivine containing 12. 1 % FeO (100 Mg/ Mg+ Fe = 87. 4) while the 
olivine from the 149o0 c run (run 1020) contains 10. 8% FeO (100 Mg/Mg+Fe = 
88. 7). Also the clinopyroxene from the latter run possesses a 100 Mg/Mg+ Fe 
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value of 85.1 whereas the clinopyroxene from the 1505°c run (run 1076) ' 
has a 100 Mg/ Mg + Fe ratio of only 84. 2 Again at 13. 5 kb, 1380 ° c, 
the olivine basanite crystallised olivine containing 11. 3% FeO (100 Mg/Mg+Fe = 
88. 3) while the olivine from the 140o0 c run contains 14. 0% FeO 
(100 Mg/Mg+ Fe= 85. 2). The most likely explanation is that liquidus 
temperatures have been lowered more or less randomly due to the entry 
of small but variable amounts of water into the graphite sample containers 
during the runs. Consequently, it is quite possible for the run at say 
149o0 c to be closer to the liquidus than the run at 1510°c. 
It is also believed that another factor, besides the random 
lowering of liquidus temperatures, has to be considered in the case of the 
high pressure runs. In many of the high pressure runs it was observed 
that the olivines with the higher Mg/ Mg + Fe ratios came from the more 
crystalline assemblages. Such olivines always occur in assemblages in 
which garnet is an important phase. In general, olivine and clino-
pyroxene show decreasing values of Mg/ Mg + Fe with increasing degrees 
of crystallisation, but, apparently, there is a reversal of this trend at 
the onset of significant garnet crystallisation. Garnet has a much lower 
Mg/ Mg + Fe ratio than coexisting olivine and/ or clinopyroxene and the 
mean value for the crystallising phases, therefore, would be at some 
intermediate value. Thus the Mg/ Mg + Fe ratios of the residual liquids 
steadily decrease as fractionation proceeds rather than showing sharp 
i.'l\flt1"l0~4 
..... at the onset of garnet separation as would be the case if the 
Mg/Mg+ Fe values of the olivine and/ or clinopyroxene did not increase. 
The above discussion applies to the clinopyroxenes from the experimental 
runs, as well as the olivines. 
Many of the olivine crystals, from runs in platinum 
capsules, show slight zoning with more iron-rich cores than rims. Also 
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crystals located close to the platinum walls of the capsules were slightly 
poorer in iron than those near the centres of the sample charges. Such 
features result from either iron loss to the platinum sample containers 
at the margins of the samples being greater than at the centres, or from 
the occurrence of small temperature gradients within the capsules -
most probably the former. Green and Ringwood (1967b) found that there 
+ 
was an uncertainty in composition of alnut - O. 3% Fo in olivines around 
Fo90 and about O. 6% Fo in olivines around Fo80 because of these two 
factors. 
(b) Clinopyroxene analyses. 
The clinopyroxenes in the experimental runs were 
analysed for Si02 , Ti02 , Al2o 3 , FeO, MgO, Cao, Na2o and K2
o. 
Potassium could not be detected above background in most of the clino-
pyroxenes and any K20 recorded in the analyses is regarded as having 
resulted from interference by surrounding material due to the small 
grainsize of the crystals. MnO may be a minor constituent but it has not 
been determined. 
One of the main features of the analyses is the significant 
amount of Al replacing Si in tetrahedral co-ordination. With increasing 
pressure, the Al2 0 3 contents of the clinopyroxenes tend to steadily 
increase until pressures sufficiently high to induce the crystallisation 
of significant amounts of garnet - a very Al2o 3-rich phase - are attained. 
At such a stage the clinopyroxene shows an overall decrease in Al2o 3 
content as well as in tetrahedrally co-ordinated Al. 
In general the Mg/ Mg + Fe ratio steadily decreases 
with decreasing temperature> however irregularities, similar to those 
described in the preceding article on olivine analyses, can also be 
observed in the clinopyroxenes. The irregular lowering of liquidus 
temperatures (using graphite capsules) and the separation of garnet are 
TABLE 14. Compos1tlons of ClJnopyroxenes analysed by electron microprobe. Si, Ti, Al, Fe, Mg, 
Ca, Na, K, determined by direct analysis. 
OIJVI NE NEPHELlNITE OLIVINE BASAN1TE 
Pressure (kb) 18 22 . 5 27 27 36 13. 5 18 22. 5 27 31. 5 
Temperature (0 C) 1360 1430 1480 1460 1540 1400 1380 1450 1490 15~0 
Capsule Pt Pt Pt Pt Gr Gr Gr Gr Gr Gr 
Run No. 828 853 868 806 848 1203 1198 1186 1191 1193 
6102 50. 6 49. 1 48 . 6 48. 2 52 . 0 49. 1 49. 1 49. 4 48. 6 48. 9 
TI02 
0. 9 o. 7 0. 6 o. 7 o. 8 o. 9 0. 6 0. 6 o. 4 o. 4 
Al2o 3 
10. 3 11. 5 12. 8 13. 1 10. 5 10. 8 9. 6 9. 5 JO. 3 9. 4 
FeO 4. 1 4.0 3. 6 4. 0 4. 1 s. 0 4. 9 4. 9 4. 7 4. 7 
MgO 15. 1 JS. 4 16. 2 15.4 13. 9 16. 6 17 . 8 18. 4 20. 7 21. 6 
Cao 17. 3 17. 2 16. 7 15. 5 16. 4 16. 0 17. 1 16. 0 14. I 13. 4 
NabO 1. 3 1. 4 1.4 I. 4 2. 6 I. 2 I. 0 I. 3 1. 4 
1. 6 
K2 0. 1 0.1 
-- -- - - --
--
99. 6 99. 4 99. 9 98. 4 100. 3 99. 6 100.1 100. 1 100. 8 100. 0 
100 Mg (mol) 86. 8 Mg+ Fe 87. 2 88. 9 87. 2 85. 8 85. 5 86. 6 87 . 0 
88. 6 89. 2 
No. of Ions on the Basis of 6 O~gens 
SI} I. 824 1. 776 1. 743 1. 754 1. 869 I. 784 1. 777 1. 781 
1. 706 1. 757 
Al z o. 176 o. 224 o. 257 o. 246 0. 131 o. 216 0. 223 o. 219 0. 294 o. 243 
"1 
o. 262 0. 267 o. 286 o. 3 14 o. 314 o. 247 o. 18 5 o. 184 0. 141 0.154 
Tl o. 024 o. 020 o. 017 o. 020 o. 022 o. 024 o. 017 o. 017 o. 011 o. 011 
Fe x + y o. 123 o. 122 o. 108 o. 122 o. 123 o. 153 o. 148 o. 147 o. 140 0. 140 
Mg 0.812 0. 830 o. 866 o. 835 0. 746 0.899 o. 958 0. 988 I. 159 J. 157 
Ca o. 667 o. 667 o. 642 0. 604 o. 631 o. 622 o. 662 o. 618 o. 564 o. 516 
Na 0.09: o. 100 0. 099 0.101 o. 182 o. 083 0. 069 o. 091 o. 099 0.112 
K 0. 004 o. 004 
z 2. 00 2. 00 2. 00 2. 00 2. 00 2.00 2. 00 2. 00 2. 00 2. 00 
"+ y 1. 98 2. 01 2. 02 2.00 2. 02 2. 03 2. 04 2.05 2. 11 2. 09 
MoL Pr21!ortlons 
En 44 . 5 44.4 45. 8 45. 2 43. 2 47. 1 49. 0 51. 3 54 . 4 57. 4 
Fs 6.8 6. 5 5. 7 6. 6 7. 1 8.0 7. 6 7. 6 6. 9 7.0 
Wo 36. 5 35. 7 33. 9 32. 7 36. 6 32. 6 33. 9 32. 0 27. 8 25. 6 
Jd 2. 5 2. 7 2. 6 2. 7 5. 3 2. 2 I. 8 2.4 2. 4 2. 8 
AI2o 3 9. 7 10. 7 12. 0 12. 8 7.8 10.2 
7. 8 6. 7 8. 5 7. 3 
Coexisting 
Crystalline 01• 01 Nil Nil Gs• OJ• OI• 01 • 01 Ga• 
Phase 
• Denotes crystnlUne phase analysed by probe. 
Abbreviations used: 01 • olivine. Ga• garnet, Sp• spine!, Amp• amphlbole, Pt• platinum, Gr• graphite. 
_J 
l 
TABLE 14 Contd. 
PICRJTJC NEPHEUNITE 
Pressu r e (kb) 22.5 22 . 5 22. 5 22 . 5 22. 5 24.8 24 . 8 27 27 27 27 27 27 27 31. 5 31. 5 36 36 
Temperature (0 C) 1460 1455 1450 1440 1430 1450 1440 1510 1510 150 5 1500 1500 1490 1480 1565 1560 1580 1560 Capsule Gr Gr Pt Gr Gr Gr Gr Gr Pt Gr Gr Gr Gr Pt Gr Gr Gr Gr 
Run No. 1045 1086 1124 1084 1021 1176 1177 1043 1131 1076 1074 102 5 1020 1137 1082 1077 1062 1061 
$102 50. 1 48. 2 51. 0 47. 9 48 . 5 48. 1 49. 0 49. 2 50. I 47. 8 48. 3 49. 1 48. 7 48. 5 49. 5 49. 8 51. 5 50. 1 TI02 0. 4 0.4 0. 5 o. 6 o. 6 o. 5 0. 5 0. 4 0. 3 o. 5 o. 5 o. 4 0. 4 o. 5 o. 3 o. 4 o. 3 0. 4 Al2o 3 7. 4 10. 4 9. 8 10.1 9. 5 10. 5 10. 7 9.8 9. 2 11. 7 11. 2 10. 0 10. 5 10. 2 9. 2 10. 2 6. 8 7. 6 FeO 6. 3 6. 5 3. 8 6. 5 6. 5 5. 1 4. 7 6. 8 3. 4 6. 4 6. 5 6. 6 6. 1 3. 9 5. 0 4. 9 5. 9 6. 2 MgO 20. 7 21 . 0 21. 0 18. 3 18. 2 20. 1 19. 8 22. 3 24 . I 19. I 19. 5 21. 1 19. 5 22. 8 20.6 20. l 21. 3 19. 6 Cao 14. 3 12. 8 12. 4 15. 4 15. 7 14 . 4 13. 7 9. 3 11. I 13. I 13. 0 11. 6 13. 5 12. 3 14. 0 13. 3 13. 4 14. 0 Na2o o. 9 o. 8 1. 2 I. 2 I . 2 I. 2 I . 5 0. 9 I. 4 I. 0 1. 1 I . 0 I. 0 I. 3 I . 4 I. 3 I. 3 I. 6 K20 
-
100. I 100. 1 99. 7 100. 0 100. 2 99. 9 99. 9 98. 7 99.6 99.6 100. 1 99. 8 99. 7 99. 5 100. 0 100. 0 100. 5 99. 5 
~(mo!) 85. 4 85. 3 90. 8 83. 5 83 . 4 87. 5 88. 3 85. 3 92. 7 84.2 84. 3 8 5. 0 85. I 91. 3 88. 0 88 . 0 86. 6 85. 0 Mg+ Fe 
Number of Ions on the Oasis of 6 Ox~gens 
$1 1 1. 808 I . 736 I . 812 I . 742 I. 761 I. 734 1. 758 I. 777 I. 780 I. 728 1. 738 I. 766 I. 758 I. 738 I. 778 l . 781 1. 841 I. 8 19 Al z 
o. 159 o. 181 
0. 192 0.264 o. 188 0.258 o. 239 0. 266 o. 242 o. 223 o. 220 0.272 o. 262 0. 234 o. 242 o. 262 o. 222 o. 219 
"} 0. 124 o. 178 o. 222 0. 175 o. 167 o. 181 o. 21 1 0. 194 o. 164 o. 228 o. 214 0.190 0.205 o. 169 0. 166 0. 21 I 0. 130 o. 146 Tl 0. Oil o. 011 0. 013 o. 017 o. 017 o. 013 o. 013 o. 011 o. 009 0. 013 o. 013 o. 0 11 o. 011 o. 013 0. 009 o. 01 1 o. 009 o. 011 Fe 0.191 o. 195 0. 113 o. 197 o. 196 0. 154 o. 140 0. 206 0.100 o. 193 o. 197 o. 199 0.1 84 0. 116 0.1 51 o. 146 o. 176 0. 188 Mg x+y 1. 112 I. 128 1. 112 o. 992 o. 984 I. 082 I. 059 1. 200 I. 276 1. 030 I. 047 1. 130 1. 050 1. 217 I . 103 I. 072 I. 134 1. 060 Ca 0. 553 o. 494 0. 472 o. 601 o. 611 o. 557 0. 526 0. 360 o. 423 o. 509 o. 502 o. 447 0.523 o. 472 o. 540 o. 509 0. 513 o. 545 Na 0. 065 0. 056 o. 081 o. 083 o. 083 0. 082 o. 104 0. 065 o. 098 0.070 o. 078 0.069 o. 069 o. 090 0. 099 o. 090 o. 090 0.113 K 
z 2. 00 2. 00 2. 00 2. 00 2. 00 2.00 2. 00 2.00 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 2. 00 x+y 2. 06 2. 06 2. 01 2. 07 2. 06 2. 07 2.05 2. 04 2. 07 2. 04 2. 05 2. 05 2. 04 2. 07 2. 07 2. 04 2. 05 2. 06 
MoL Pr2eort 1ons 
En 55. 2 55. 2 58. 4 49. 3 49.2 53. 7 54. 2 60. 7 64. 0 51. 9 52. 7 54. 7 52. 9 61. 5 55. 3 55.1 57 . 6 54. 0 Fs 9. 5 9. 5 5. 9 9. 7 9.8 7. 6 7.2 10. 4 5. 0 9. 7 9. 8 9. 6 9. 3 5. 9 7. 6 7. 5 8. 9 9. 6 Wo 27 . 4 24. 2 24. 8 29. 9 30. 6 27 . 6 26. 9 18. 2 21. 2 25. 5 25. 3 25. 2 26. 4 21. 5 27. 1 26. 2 26.1 27. 9 Jd I. 6 1.4 2. I 2.1 2. I 2. 0 2. 6 I. 6 2. 5 I. 8 2. 0 I . 7 I. 7 2. 3 2. 5 2.3 2. 3 2. 9 Al20 3 6. 3 9. 6 8. 7 8. 9 8.3 9.1 9. l 9. 1 7. 4 II. 1 10. 2 8. 8 9. 7 8. 8 7. 5 8. 9 5. I 5. 6 
Coexisting 
Cryst alllne OJ• OJ• 01• 01 • + 01• + 01• + OJ•+ Ga+ 0 1 01 + 01• + OJ•+ 01• 01• + OI• + Ga• Ga• Ga• Phases Sp+ Ga+ Ga+ Ga+ Amp Ga Amp Ga• Ga+ Ga• 
Amp Amp Amp Amp Amp 
, ,-
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offered as explanations for any discrepancies in the above generality. 
The Mg/ Mg + Fe ratios of coexisting clinopyroxenes and olivines are in 
most cases practically the same. Occasionally the clinopyroxene ratio 
is greater than that of the coexisting olivine; very rarely it is less. 
T. Green (1967, unpublished thesis) found that in most cases the Mg/Mg+ Fe 
ratios of clinopyroxenes were slightly higher than those of coexisting 
olivines. However, he did record examples in which the reverse situation 
was true. As with the olivines, clinopyroxenes from runs conducted 
in platinum capsules are poorer in FeO than those from runs crystallised 
in graphite capsules under similar P-T conditions and from the same 
compositions. 
The clinopyroxene analyses are characterised by low 
but significant Na2 0 contents. The Na2 0 is incorporated in the jadeite 
molecule which occurs as solid solution in the clinopyroxene. Clinopyroxenes 
from the high P-T runs tend to contain slightly higher amounts of Na2o 
than those from runs carried out at lower pressures and temperatures. 
In particular, clinopyroxene from the 36 kb, 1540°c run on the olivine 
nephelinite composition contains 2. 6% Na2 0 (value rechecked) - almost 
double the next highest amount recorded. 
The pyroxene formula unit for each analysis has been 
calculated on the basis of 6 oxygen atoms. Examination of Table 14 shows 
that the total x + y values are close to 2. 00, indicating that the analyses 
are close to ideal pyroxene compositions. In most cases, there is a slight 
excess of anions. There is a tendency for clinopyroxenes crystallised 
from the picritic nephelinite to have x + y > 2. 04. The clinopyroxenes 
with x + y :::: 2. 04 are all from the same batch of analyses and it is 
suspected that a bias in the Si02 and/ or MgO calibration is responsible 
for such a feature. 
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Ti02 contents are low compared with analyses (such as 
those listed by Yoder and Tilley, 1962; Tyler and King, 1967) of natural, 
low pressure clinopyroxenes from u ndersaturated basalts and nephelinites. 
The main features of the analyses are the significant 
amounts of Al replacing Si in tetrahedral co-ordination, the generally 
decreasing Mg/Mg + Fe ratios with decreasing temperatures, the low Ti0
2 
contents and the low but significant Na2 0 contents. 
( c .) Garnet analyses. 
As the oxidation state of iron cannot be determined with 
the microprobe, the garnets are assumed to contain no Fe-andradite 
molecule. Calculations have been made assuming that they consist 
entirely of grossular + almandine + pyrope solid solutions. This is not 
quite the case as the Ti02 in the garnets goes to form the Ti-andradite 
component. However,only very small amounts are involved. Also, MnO 
has not been determined (i. e. , the spessartine component has been ignored). 
With the above assumptions it is possible to calculate the whole garnet 
composition from the FeO and CaO determinations. Most of the Si02 
contents, and a few Al20 3 percentages, were calculated assuming 
stoichiometry. The Al2o3 values calculated in this way compare very 
well with the directly determined values. 
The Mg/ Mg + Fe ratio is always lower for garnet than 
for coexisting clinopyroxene and olivine and is always much greater than 
that of the parent composition. In a particular composition, the Cao 
content of the garnet appears to increase slightly with increasing pressure. 
The results also suggest that, at a specified pressure, the CaO content 
of garnet increases with increasing crystallinity. FeO also increases 
while MgO decreases slightly. The Al2o3 content remains fairly constant 
over a wide range of pressures and temperatures. The garnets are all 
very rich in tre pyrope component. Almandine and grossular contents are 
roughly similar. 
TABLE 15, Compositions of Garnets analysed by electron mlcroprobe. Tl, Al, Fe, Mg, Ca determined 
by direct analysis; S102 (unless otherwise Indicated) calculated. 
OLIVINE 
Composition NEPHEUNITE PICRITl C NEPHEUNITE OLIVINE BASANITE 
Preuure (kb) 36 27 31. 5 31 , 5 36 36 36 36 31, 5 
Temperature (0 C) 1540 1500 1565 1560 1595 1590 1580 1560 1530 
Capsule Gr Gr Gr Gr Gr Gr Gr Gr Gr 
Run No. 848 1025 1082 1077 1065 1063 1062 1061 1193 
S102 
41. 7 i 43. 2 42. 8 43.1 42.9 42. 9 42.9 42. 9 40. 9 
Ti02 1.1 o. 6 o. 7 o. 9 o. 5 o. 7 o. 6 0.8 o. 5 
Al2o 3 22. 5 22. 5 22. 8 22 , 3 22. 7 22. 7 22. 8 22. 8 23, 6 
FeO 8. 8 7. 2 7. I 7. 0 6. 5 6.4 6. 8 7. 3 7. 2 
MgO 16, 6 21. 2 20. 1 20.1 20. 9 20.8 20.6 20. 0 19.8 
Cao 9. 3 5. 2 6. 4 6, 7 6. 0 6, I 6. I 6. 5 6.4 
-- -- -- -- -- -- -- -
100. 0 99. 9 99.9 100.1 99, 5 99. 6 99,8 100, 3 98.4 
100 Mg (mo!) 77, 2 84. 0 83. 4 83. 7 85.2 85, 3 84.3 82. 9 83. 1 Mg+ Fe 
MoL Pr!:!!!ortlons 
Pyrope 58.0 75. I 70. 0 69. 7 72. 4 72,3 71. 4 69. 3 69.8 
Almandlne 17. 4 14. 2 13, 9 13.4 12. 6 12. 6 13,4 14. 3 14.0 
Groasular 24. 6 10. 7 16. 0 16.8 15. I 15.1 15.1 16. 4 16. 2 
Coexisting 
Crystalline Cpx• 01• + 01• + Cpx• Nil Nil Cpx• Cpx• Cpx• 
Phases Cpx• + Cpx• 
Amp 
• Denotes crystal phase analysed by probe. 
i Si02 determined by probe analysis. 
Abbreviations used: 01 • olivine, Cpx • clinopyroxene, Amp• amphibole, Gr• graphite. 
defined as 
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The partition coefficient between garnet and clinopyroxene, 
(Fe/Mg)Ga 
(Fe/Mg)c px 
ranges from 1. 08 to 1. 83. There is a suggestion of compositional control. 
The partition coefficient at 154o0 c, 36 kb (run 848) in the olivine nephelinite 
is 1. 83, at 1530°c, 31. 5 kb (run 1193) in the olivine basanite it is 1. 69 and 
0 
at 1500 C, 27 kb (run 1025) in the picritic nephelinite it is 1. 08. However, 
consistent values are obtained for equivalent conditions, e.g., in the picritic 
nephelinite the partition coefficient between garnet and clinopyroxene at 
0 . 0 1565 C, 31. 5 kb (run 1082) 1s 1. 46. In the 1560 C, 31. 5 kb run (run 1077) 
it is 1. 44. Again at 36 kb, the coefficient at 1580 ° C (run 1062) is 1. 19 
0 
while at 1560 C (run 1061) it is 1.16. Banno and Matsui (1965) have shown 
the above ratio to be proportional to temperature and to vary between 2. 7 
and 6. 5 for garnet+ clinopyroxene assemblages from kimberlites. 
Lovering and White (in press) have obtained values ranging from 1. O to 2. 7 
for Delegate and Salt Lake Crater "eclogites". 
Fractional Crystallisation Trends 
As Green and Ringwood (1967b) pointed out, the nature of the 
fractionation trend and the derivative liquid compositions from any primitive 
magma may be determined if the composition of the crystalline phase or 
phases and the proportions of liquid and crystals are known. The pro-
portions of crystals present can be estimated from optical examination of 
crushed portions of the experimental charges and also polished sections. 
The author found the accurate estimation of crystal percentages to be 
sometimes very difficult because of crystal settling within the sample 
during a run. In some high pressure runs, particularly those of an hour's 
duration at near-liquidus temperatures, the crystals sometimes occur in 
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small clusters. Such a texture is thought to be indicative of crystal 
accumulation. Garnet and olivine, particularly the former, appear to 
be the two minerals most effected by crystal settling. As an example, 
the crushed portion of a 14 50 ° C run at 22. 5 kb (1 hr) on the pi critic 
nephelinite yielded an assemblage consisting of mainly glass (approx. 
70%) + abundant orthopyroxene (est. 15-20%) + minor garnet (5-10 %). In 
the polished section of the same run however, garnet could not be detected. 
Two fragments consist of very abundant orthopyroxene and relatively 
minor glass, while the other three fragments are completely glassy. 
Probe analyses of the glass yielded Si02 and Cao values almost identical 
with those obtained if 20 % orthopyroxene + 10% garnet are extracted from 
the parent composition (Table 17). 
The fractionation trends, displayed by the chosen compositions 
in the pressure range O - 36 kb, have been calculated by extracting various 
proportions of analysed crystal phases from the initial compositions. 
Thus, iron loss from the mixes and cha.."l'lges in oxidation states may modify 
the compositions of these phases and so alter the calculated fractionation 
trends. These effects have been minimised by only analysing crystals 
near the centres of the samples. Green and Ringwood (1967b), from a 
consideration of the partition coefficients for Fe, Mg in olivines and 
liquid in their experimental runs (conducted for an hour), argued that 
crystals away from the edges of the mounts were in equilibrium with the 
initial liquid composition before significant iron loss. However, these 
runs were usually at lower temperatures than those conducted by the 
author. The use of graphite capsules eliminates iron loss. The results 
indicate that the significant fractionation trends are similar irrespective 
of whether analyses of minerals crystallised in graphite or platinum 
capsules are used in the calculations and whether or not the theoretical 
parent compositions are used or compositions using FeO and Fe2o 3 
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values determined by chemical analysis of actual experimental runs. 
The calculated trends are listed in Tables 161 17 and 18. 
Because of the difficulties sometimes encountered in estimat-
ing crystal proportions, calculations have been made on a number of 
occasions for a range of crystal percentages. Calculations have also been 
made occasionally, assuming greater degrees of crystallisation than 
actually observed in order to define approximate fractionation trends 
more clearly. 
The experimental results indicate that the nature of the liquidus 
phase, the sequence of crystallisation and nature of other phases and the 
temperature interval for crystallisation are strongly dependent on load 
pressure. Because the author was chiefly concerned with establishing 
(or otherwise) fractionation trends that are capable of producing residual 
liquids trending towards melilite nephelinite compositions, only a few low 
pressure runs were carried out. Low pressure fractionation trends in all 
three compositions studied are dominated by the separation of olivine. 
Consequently the normative Ab/ Ne ratios in the residual liquids remain 
virtually constant and are similar to those for the original compositions. 
The trends are, therefore, towards nephelinites and basanites of similar 
degrees of undersaturation (from the viewpoint of normative Rb/ ND ratio) 
but with lower olivine contents , i. e., picritic to basaltic trends only. 
For the derivative liquids to be impoverished in Si0
2
, a Si0
2
-rich phase 
(or phases) such as clinopyroxene and/ or orthopyroxene must be pre-
cipitated from the melt. 
1. Fractionation at depths up to about 15 km depth. 
The olivine nephelinite was the only composition studied at 
1 Atmosphere. At low pressures , fractionation trends displayed by the 
olivine nephelinite are dominated by the separation of olivine. Removal of 
TABLE 16. Fractionation of OLIVINE NEPHEUNITE under DRY conditions 
Pre88ure (kb) I Atmos. 18 18 27 27 36 36 36 
Temperarure (0 C) 1350 1400 1360 1480 1460 1540 1540 1540 
Nature and estimated Nil 51 01 10% 01 10% 01 10\lCpx 301,Cpx 15\tCpx 20\tepx IO'l Cpx percentage of crystals (initial +20'1 Cpx +15%Ga +10%c;a +20'.t,Ga liquid) 
Come!!•ltlon of C!:l'.stal Extract 
S102 41. 2 41. 2 47. 3 48. 5 48. 2 46. 7 48. 3 44. 8 Ti0
2 0. 7 I. 0 0. 7 I. 0 I. 0 I. 0 Al2o 3 7. 0 12. 9 13. I 16. 6 14. 6 18. 6 FeO 7. 7 7. 6 6. 0 4. 0 4. 0 6. 3 5. 6 7. 3 MgO so. 6 so. 8 26. 3 15. 8 15. 4 15. 2 14. 9 15. 6 Cao o. 5 0.4 II. 7 16. 8 15. 5 12. 9 13. 9 11. 6 Na2o I. 0 I. 0 I. 4 I. 3 I. 7 1. 0 
Comeositlon of Residual Liguid 
Si02 44. 3 44. 4 44. 7 43. 0 43. 8 42. 4 43. 4 42. 6 44.] Ti06 I. 5 I. 6 I . 7 I. 9 I. 6 I. 9 I. 7 I. 7 1. 7 Al2 3 14 . 2 15. 0 15. 8 17. 3 14 . 3 14. 6 13. 3 14. 0 12. 3 
::003 o. 5 o. 5 o. 6 0. 7 o. 6 0. 7 o. 7 o. 7 o. 7 9. 7 9. 8 9. 9 II. 3 10. 3 12.1 II . I I I. 5 10. 7 MnO 0.2 o. 2 o. 2 0.3 o. 2 0. 3 0. 3 0. 3 0. 3 MgO 13. 3 11. 4 9. I 7. 7 13. 0 12. 3 12. 4 12. 6 12. 3 Cao II. 2 I I. 8 12. 4 11. 0 10. 6 9. 3 10.4 10. 0 II. 0 Na20 3. 6 3. 8 4.0 4. 7 3. 9 4. 4 4. 6 4. 4 4. 7 K20 I. 0 I.I I. 0 I. 4 I.I I. 4 I. 4 I. 4 I. 4 P205 o. 5 o. 5 0. 6 0. 7 o. 6 o. 7 o. 7 o. 7 0. 7 
~(mol) 
71. 0 67. 5 62, I 54. 9 69. 2 64. 5 66. 7 66. 2 67. 2 Mg+ Fe++ 
C 1 PW Norm of Residual Liguid 
Or 6.1 6. 6 6. I 8. 3 6. 6 7. 7 5. 9 3. 9 6.1 Le 
0.4 2. 0 3. 5 1.8 Ab 2.0 I. 6 3, 2 0.6 I. 6 Ne 15. 3 16. 5 16. 8 21. 2 17. 6 20. I 21. 0 20.] 21. 5 An 19. 4 20. 5 22. 0 22. 0 18. 0 15. 9 11. 4 14. 2 8. 4 Di 26. 4 27. 8 29.3 22. 9 24 . 9 21. 0 28. 7 24. 9 33. 7 01 25. 9 21. 9 17. 3 18. 6 26. 3 28. 8 25.0 27. 4 22. 6 Ap 1. 3 I. 3 I. 3 1. 7 J. 3 I . 7 1. 7 I. 7 I. 7 JI 2. 9 3. 0 3. 2 3, 6 3. 0 3. 6 3. 2 3. 2 3. 2 Mt o. 7 o. 7 o. 9 I . 0 0. 9 I. 0 I. 0 I. 0 1.0 
Abbreviations used: OJ• olivine, Cpx • cUnopyroxene, Ga • garnet. 
TABLE 17. Fractionation of PICRJTIC NEPHELJNITE under DRY Conditions 
Pressure {kb) 9 9 22. 5 22. 5 27 27 31. 5 36 36 36 36 Temperature ( 0 c) 1405 1380 1460 1430 1500 1480 1560 1590 1580 1560 1560 
Nature and estimated Nil 5'.t 01 20%01 10\t()I IO't 01 2't 01 5'l<)I + 5'1 Cpx 10% Ga 10% Ga 15\ Ga 10\{ Ga + percentage of crysu,ls (lnltiaJ + 5%Cpx +IO'tCpx +5'{ Cpx 15\{, Cpx +5% Ga +IO'{Cpx +15%Cpx 20%Cpx liquid) +5'{ Ga• +3 %Ga +10\tGa• 
ComeositJoo of C!:Xstal Extract 
Si02 40. 8 40. 6 44. 3 43. 9 45. I 45. 8 47.0 42. 9 47 . 3 46. 6 47. 8 Ti02 0. 4 0. 7 o. 7 o. 5 0. 7 o. 7 AJ2o 3 2. 7 8. 3 II. 8 12. 7 16. 0 22. 7 14. 9 15. I 12. 7 FeO 9. 6 10. 9 9. 4 9. 5 7. 8 6. 4 6. 0 6. 4 6. 5 6. 7 6. 4 MgO 49. 2 48. I 38. 9 30. 0 26. 5 26. I 20. 0 20. 8 20. 9 19. 8 19. 7 Cao o. 4 0.4 4. 7 7. 5 7. 8 7. 7 10. 0 6. I 9. 5 10. 4 11. 7 Na2o o. 4 I. 0 o. 7 I. 0 o. 5 0. 7 I. 0 
Com~ition of Residual Li9uid 
Si02 43. 7 43. 9 44. 5 43, 6 43. 7 43. 6 42. 8 43. 3 43. 8 43. 0 42.6 42. I Ti02 I. 3 1.4 I. 6 I. 5 I. 6 I. 4 I. 6 I. 4 I. 3 1.4 I . 6 I. 6 Al20 3 12. 3 13. 0 15. 4 14 . 0 13. 7 12. 4 12. I 11. 9 11. I 11. 6 II.I 12. 0 Fe20 3 I . I I. 2 I. 4 I. 3 I . 5 I. 2 I. 6 I . 2 I. 2 I. 3 I. 3 I. 6 FeO 10. 8 10. 8 10.8 11. 0 II . 2 I I. I 12. 7 11. 3 II. 3 11. 9 12. 5 12. 8 MoO o. 2 o. 2 0. 3 0. 2 o. 3 o. 2 o. 3 o. 2 0. 2 o. 2 o. 3 0. 3 MgO 17. 0 15. 3 9. 3 13. 2 12. 6 15. 9 13.1 16. 7 16. 6 16. I 15. 8 15. 8 cao 9. 7 10. 2 12.0 10. 6 10. 4 9. 9 10. 6 9. 7 10. I 9. 8 9. 4 9. 4 Na5o 2. 7 2. 8 3. 4 3, 2 3. 5 2. 9 3. 6 2. 9 3. 0 3. 2 3. 6 3. 6 K2 o. 8 o. 8 I. 0 0. 9 I.I o. 9 I.I o. 9 o. 9 I. 0 I. l I.I P205 0.4 0. 4 o. 5 o. 5 o. 5 o. 4 o. 6 0. 4 0. 4 0.4 o. 6 o. 6 
~(mol) 
73. 8 71 . 6 60. 6 68.1 66. 7 71 . 5 64. 7 72. 5 72. 4 70. 6 69. 3 68. 8 
Mg+ Fe++ 
C I P W Norm of Residual Li9uld 
Or 4. 5 4. 5 6. I 5. 5 6. 6 5. 5 6. I 5. 5 5. 5 6. I 6. I 6. 6 Le 
0. 4 o. 4 Ab 3. 4 5. 8 5. 8 4. 2 4. 0 3. 6 2.4 2.4 o. 2 o. 6 Ne 10. 6 9. 7 12. 5 12. 5 13. 7 I I. 4 16. 5 12. 0 12. 3 14. 7 16. 5 14. 7 An 19. 2 20. 8 23. 7 20. 8 18. 3 18. 0 13. 6 16. 7 14. 2 14 . 2 10. 9 14. 8 DI 21. 7 21 . 7 26. 3 22. 8 23. 8 23. 0 28. 8 23.1 26. 8 25. 7 26. I 21. 0 01 35. 7 32. 0 19. 5 28. 2 27. 0 33. 0 28. 0 34. 7 33. 5 33. 7 33. 7 35. 8 Ap I. 0 I.I I. 3 I . 3 I. 7 1. 0 I. 3 I. 0 I. 0 I. 0 I. 3 I . 3 II 2. 4 2. 7 3. 0 2. 9 3. 0 2. 7 3. 0 2. 7 2. 4 2. 7 3. 0 3. 0 Mt I. 6 I. 9 2. 0 I. 9 2.0 I. 9 2. 3 I . 9 l. 9 1. 9 I. 9 2. 3 
Abbreviations used: 01 Q olivine, Cpx • clinopyroxene, Ga c garnet. 
• Composition of garnet from 1soo0 c, 27 kb (graphite) run used in the calculations. 
TABLE 18, Fractionation o f OUVINE BASANITE under DRY conditions. 
Pre11ure (kb) 13, 5 13. 5 18 18 22. 5 24 . 8 27 31. 5 
Temperature ( 0 C) 1410 ? 1400 1420 1380 1450 14 50 1490 1530 
Nature and estimated NII 10\l, OJ1• 10% 01 + 5% 0 1+ 10% 01 IO'l, 01 + 15% OJ3+ IO'l, 015 + 10\t Cpx + percentage of crysta ls (lnl t lal 51 Cpx 3'l,Opx2 +5%Cpx 10% Cpx 10% Cpx3 10% Cpx 5% Ga liquid) + 5% Ga4 
Comi!!!eltlon of C!J'.elal Extract 
8102 40.0 43. 3 44 . 5 43. 0 44. 5 43. 3 45. 0 46. 3 TIO 
o. 5 o. 3 
Al2<\ 3, 3 3. 7 3, 3 5. 0 7, 3 5. 0 14. I FeO 14. 0 II. 3 II. I 9,3 8. 5 9. 0 7. 5 6. 0 MgO 45. 0 35. 3 39,5 37, I 32. 5 33. 0 35.0 21. 5 Cao 1.0 6. 0 I. 2 6. 6 8. 5 6. 7 7, 5 10. 7 Na20 o. 7 o. 7 o. 5 o. 3 I 3 
Coml!!!el tlon of Res idual Llguld 
S102 «. 5 45. 0 44 . 8 44. 5 44, 8 44. 7 44. 8 44. 4 44 . 2 TI02 1. 3 1.4 1.4 I. 4 I. 5 I . 6 1. 7 1. 6 I. 5 Al 0 12. 0 13. 3 13. 5 12. 7 13, 5 14. 7 14. 2 13. 8 11. 6 2 3 Fe2o 3 o. 8 o. 9 o. 9 o. 9 o. 9 I.I I. 2 I. 0 0. 9 FeO 10. 6 10. 2 10.4 10. 6 10. 8 II. 1 II. 3 II. 4 II. 4 MnO o. 2 o. 2 o. 2 o. 2 o. 2 o. 3 o. 3 o. 3 o. 2 MgO 16. 7 13.6 13. 5 14. 7 13. I 10. 4 9. 9 12. I 15. 8 Cao 9. 9 10. 9 10. 7 10. 7 10. 5 10. 9 II. 2 10, 5 9. 7 Na20 2. 8 3. 1 3, 2 3, 0 3, 2 3. 6 3.8 3. 4 3. 2 K20 o. 8 o. 9 o. 9 o. 9 o. 9 1,1 I. 2 I. 0 o. 9 
/ I 
P205 o. 4 o. 4 o. 4 o. 4 o. 5 0. 5 o. 5 o. 5 o. 5 
100 Mg (mo!) 
73. 7 70.4 69. 8 71, 2 68 . 4 62. 6 61 . 0 65. 4 71. 0 Mg+ Fe++ 
C IP W Norm of Residual Llguld 
Or 4. 5 5. 5 5. 5 5. 5 5. 5 6. 6 7. 2 6.1 5. 5 Ab 6. 2 6. 8 6. 8 4. 5 7. 8 6.8 5. 8 6. 2 5. 2 Ne 9.4 10. 5 II, I II. I 10. 5 12. 8 14. 2 12. 3 II. 9 An 18. 0 19.4 19,4 18. 7 19.4 20. 5 18. 0 19. 2 14.4 01 22. 8 24. 9 18. 6 25. 6 23. 4 24.4 27. 8 23. 8 24. 3 DI 34. 4 27.4 27. 5 29. 7 27. 7 22. 8 20. 8 26. 7 33, I Ap I. 0 1.1 I. 2 I. 0 1. 3 1. 3 I. 3 I. 3 I . 3 II 2. 4 2. 7 2. 7 2. 7 2. 9 3. 0 3. 2 3. 0 2. 9 Mt 1. 2 I. 4 1. 4 I. 4 I. 4 I. 6 I. 9 I, 4 1. 4 
Abbr eviations used: 01 • olJvlne, Opx • orthopyroxene, Cpx • cllnopyroxene, Ga• garnet . 
• Numbers Indicate that crystal compositions from other rune have been used In the calculaUons : 
I - 140o
0
c, 13. 5 kb; 2 - 14 50°C, 22. 5 kb run on the olivine nephellnlte composition; 3 - 1450°C, 
22. 5 kb; 4 - 1530°c, 31. 5 kb ; 5 - 1510°c, 27 kb. 
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olivine from the parent melt results in a trend of Si0
2 
, Al
2
o
3 
, CaO and 
alkali enrichment and MgO depletion. Consequently, the normative albite, 
nepheline and diopside contents of the residual liquids increase while 
normative olivine decreases very rapidly. Removal of moderate amounts 
of olivine gives rise to residual liquids of nephelinitic or basanitic aspect. 
However if moderately large amounts of olivine (20 - 30%) are removed 
compositions are produced which are characterised by high Al O and 
2 3 
Cao contents (due in part to the relatively high Al
2 
O 
3 
and Cao contents 
of the original composition) as well as alkalies and very low MgO and 
normative olivine contents. A feature of all thes e residual liquids is the 
virtual constancy of the normative Ab/ Ne ratio • 
At temperatures close to the solidus at atmospheric pressure, 
olivine is joined by plagioclase and clinopyroxene. Plagioclase and clino-
pyroxene separation (as well as olivine) curtails the Si0
2 
, Al
2
o
3 
and 
Cao enrichment trend. Residual liquids are characterised by high alkalies, 
CaO and Al2 o 3 and very low MgO. Si02 either remains fairly constant or 
decreases slightly. The low pressure fractionation trends, therefore, may 
be relevant to a discussion of the formation of certain types of phonolitic 
and trachytic residual liquids from basic magmas. However, it is obvious 
that the desired trend towards melilite nephelinite compositions is not a 
feature of low pressure fractionation processes. 
Low pressure runs have not been conducted on either the 
picritic nephelinite or the olivine basanite. At 9 kb, olivine is the liquidus 
phase in the former and is the sole crystalline phase to separate over a 
temperature interval of approx. 160°c before being joined by clinopyroxene 
at temperatures fairly close to the solidus. The picritic nephelinitecould, 
therefore, be expected to display similar fractionation trends to those 
followed by the olivine nephelenite. 
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Because of its higher normative olivine and lower Al O and 
2 3 
CaO contents, more olivine can be extracted from this composition than 
the olivine nephelinite, before unnatural compositions result. The roles 
played by plagioclase and clinopyroxene at low pressures are unknown, 
but are anticipated to be, at the most, of only minor importance. Extraction 
of small amounts of plagioclase and clinopyroxene as well as olivine, 
produces derivative liquids characterised by slightly higher Al
2
o
3
, CaO 
and alkali contents than the parent melt and lower MgO and Si0
2
, 
The olivine basanite is more saturated than the nephelinites. 
In the alkali olivine basalt composition investigated by Green and Ringwood 
plagioclase was the second phase (after olivine) to crystallise under atmos-
pheric pressure conditions at a temperature not far below the liquidus. 
This composition, however, has a higher normative albite and a much 
lower normative nepheline content than the olivine basanite composition 
studied by the author. Separation of moderate amounts of olivine from the 
olivine basanite produces residual liquids of basanitic composition. If 
clinopyroxene is the second phase to crystallise at low pressures then 
Si02 and Cao in the liquid residua either increase less rapidly (clino-
pyroxene :5 olivine) or, begin to decrease (clinopyroxene >> olivine). 
If the olivine and clinopyroxene are joined by calcic plagioclase at lower 
temperatures, Si02 and Cao contents in the derivative liquids are 
reduced. The Al O enrichment trend is curtailed. MgO decreases 2 3 
fairly rapidly also, while the rate of increase of Na2o is slowed down. 
Tilley, Yoder and Schairer (1964, 1965) and Yoder and Tilley 
(1962) have studied the crystallisation behaviour of a number of basic 
compositions at atmospheric pressure. For the two compositions with 
SiO contents between 42% and 45%, olivine was the first phase to crystall-
2 
ise and at lower temperatures was joined by clinopyroxene. Plagioclase 
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was the third phase to crystallise out at lower temperatures stilL Their 
results suggest that plagioclase occurs near the liquidus only in com-
positions fairly rich in Si02 ( > 45%) and containing normative hypersthene 
or only small quantities of normative nepheline. Most picritic compositions 
also crystallise clinopyroxene before plaigioclase. It is interesting to 
note that, in the nephelinite and melilite nephelinite compositions investi-
gated with Si02 contents less than around 39 %, they found the crystallisation 
sequence to be either, olivine, followed by clinopyroxene, followed by 
nepheline or, olivine, clinopyroxene, melilite, nepheline. For an 
olivine nephelinite containing slightly greater than 39% Si02 the sequence 
of crystallisation was olivine, clinopyroxene, plagioclase. Green and 
Ringwood (1967b) found that plagioclase crystallised after olivine and 
at a temperature fairly close to the liquidus from their alkali olivine 
basalt composition (Si02 = 45. 4%, normative nepheline = 2. 2%). With a 
further slight drop in temperature, clinopyroxene also crystallises. 
It, therefore, appears that in the highly undersaturated 
basic compositions with Si02 contents less than around 44-45%, plagio-
clase crystallises after clinopyroxene and is restricted in occurrence to 
low pressure assemblages formed at near-solidus temperatures. 
2. Fractionation at about 15-35 km depth 
The partial melting runs at 9 kb provide the data from 
which the fractionation trends at depths of 15-35 km have been calculated. 
The liquidus phase in the two nephelinites is olivine. The second phase to 
crystallise is clinopyroxene. Olivine is also the liquidus phase in the 
olivine basanite at 13. 5 kb and clinopyroxene is again the second phase 
to crystallise. It is, therefore, assumed that olivine is the liquidus 
phase in this latter composition at 9 kb and that at temperatures below the 
liquidus it is joined by clinopyroxene. 
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The fractionation trends displayed by the olivine nephelinite 
at 9 kb are similar to those at lower pressures. Olivine is the only phase 
to crystallise over a large portion of the liquidus interval, being joined by 
clinopyroxene only at temperatures close to the solidus. Plagioclase 
was not detected. Separation of olivine alone gives rise to residual liquids 
enriched in Si02 , Al2o 3 , Cao and alkalies and impoverished in MgO. 
Normative albite shows a slight increase together with nepheline, anorthite 
and diopside. Normative olivine decreases quite rapidly. Similar trends 
occur in the picritic nephelinite. The olivine basanite is expected to behave 
similarly. The extraction of moderate amounts of olivine from the above 
compositions, therefore, produces derivative liquids of nephelinitic and 
basanitic aspect. 
The appearance of clinopyroxene is usually signalled by a rapid 
increase in the degree of crystallinity of the charge. Separation of sub-
ordinate clinopyroxene from the olivine nephelinite produces residual 
liquids with Si02 contents practically the same as that of the parent melt. 
Al2 o 3 , CaO and alkalies still increase, but not at such a rapid rate as 
when olivine alone was being precipitated. MgO decreases steadily. As a 
result, normative albite decreases slightly in the residual liquids while 
nepheline shows an appreciable increase. Anorthite and diopside also 
increase and olivine rapidly decreases. The writer was unable to analyse 
any clinopyroxenes from the 9 kb runs on the olivine and picritic nephelinites. 
Consequently, the analysis of a clinopyroxene from an 18 kb run was used 
to calculate the fractionation trends displayed by the olivine nephelinite 
at 9 kb and that of a clinopyroxene from a 22. 5 kb run to calculate trends 
in the picritic nephelinite. Clinopyroxenes crystallising at 9 kb could be 
expected to contain smaller amounts of Al2o 3 and Na2o and higher amounts 
of CaO than those occurring at higher pressures. The liquid derivatives 
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at 9 kb, therefore, could be expected to possess slightly higher Al O and 
2 3 
Na2 0 and lower CaO contents than the calculations indicate. 
Precipitation of various amounts of clinopyroxene from the 
parental picritic nephelinite gives rise to a trend of decreasing SiO in the 
2 
residual liquids. CaO enrichment is curtailed. The rate of decrease in 
MgO is slowed considerably as is the rate of increase in Al O • The trend 2 3 
is now one of decreasing normative albite, anorthite, diopside and olivine 
and increasing nepheline. Normative diopside decreases rather rapidly. 
Therefore, with the crystallisation of moderate amounts of olivine and 
clinopyroxene, the residual liquids are only slightly more undersaturated or 
more saturated (from the point of view of normative albite content) than 
the parent melt. 
The olivine basanite would be expected to give rise to 
fractionation trends at 9 kb, similar to those generated at 13. 5 kb. Olivine 
+ clinopyroxene fractionation at 13. 5 kb produces similar trends to those 
described for the picritic nephelinite at 9 kb. Normative nepheline and 
anorthite increase while olivine and diopside decrease. Basanitic com-
positions roughly similar in composition to the parent melt are produced. 
The appearance of moderate amounts of clinopyroxene among 
the crystalline phases separating from the nephelinitic and basanitic 
melts, therefore, results in a curtailment of the pronounced trend towards 
more Si0
2
-rich residual liquids. Instead nephelinitic or basanitic liquids, 
either slightly more or slightly less, saturated than the parent compositions 
and enriched in Al O and alkalies and depleted in MgO are produced. 
2 3 
CaO contents remain roughly the same. 
3. Fractionation at 35 - 70 kro depth. 
The experimental results at 13. 5 kb and 18 kb are relevant 
to a discussion of fractionation trends at depths around 35 - 70 km. Olivine 
is still the liquid us phase in the olivine nephelinite at 18 kb. How ever, 
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the temperature interval over which it crystallises alone, before being 
joined by clinopyroxene, is considerably smaller than that at 9 kb. Olivine 
separation, as a result, plays a less important role at 18 kb and clino-
pyroxene crystallisation becomes increasingly important. Minor spinel 
occurs in runs near the solidus, but it is not thought to be present in 
sufficient quantities to significantly influence fractionation trends. Separ-
ation of clinopyroxene + subordinate olivine produces a trend towards more 
undersaturated derivatives of nephelinitic composition. Si0
2 
and MgO 
decrease and Al2 o 3 , FeO and alkalies all increase. Cao remains either 
virtually constant or decreases slightly, i.e., the derivative liquids are 
characterised by decreasing normative olivine, albite and diopside and 
increasing nepheline and to a lesser extent anorthite. Separation of 
20 % clinopyroxene + 10% olivine produces a derivative liquid containing 
approx. 43% Si02 , 17 % Al2o 3 , and 8% MgO. With more extreme fraction-
ation, atypical compositions characterised by very high Al
2
o
3 
and very 
low MgO, will result. 
Olivine is the dominant crystalline phase in the 18 kb runs 
on the picritic nephelinite. Liquidus runs containing olivine as the sole 
crystalline phase were not achieved. However olivine is definitely the 
liquidus phase at 22. 5 kb and therefore, can be assumed to be the liquidus 
phase at 18 kb. Subordinate clinopyroxene is a constant associate at 18 kb. 
Rare garnet was observed in some runs, but it occurs in such minor 
quantities that the fractionation trends calculated by substracting only 
olivine and clinopyroxene from the parent composition, oo uld not be sig-
nificantly affected. The clinopyroxene analysis used in the calculations 
is that of a clinopyroxene crystallised at 22. 5 kb. Clinopyroxenes crystall-
ising at 18 kb could be expected to possess similar compositions. Fraction-
ation trends are therefore, similar to those calculated for lower pressures 
(around 9 kb). 
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At 13. 5 kb, olivine is the liquidus phase in the olivine 
basanite and is joined by clinopyroxene at temperatures below the liquidus. 
In all runs, the latter is subordinate to olivine. Therefore, the derivative 
liquids obtained at 13. 5 kb are anticipated to be similar in composition 
to those produced at 9 kb. 
The crystallisation sequence in the olivine basanite at 18 kb, 
however, differs significantly to that in either of the nephelinites. Olivine 
and orthopyroxene occur together in runs close to the liquidus. Olivine 
predominates. Unfortunately analyses of the orthopyroxenes could not be 
obtained. Calculations have been made, using the analysis of the ortho-
pyroxene crystallised from the picritic nephelinite at 22. 5 kb, 1450 ° C. 
This orthopyroxene is roughly similar in composition to those listed by 
Green and Ringwood (1967b) from experimental runs on their alkali olivine 
basalt, olivine tholeiite and olivine basalt compositions, especially if 
one considers that their runs were carried out in platinum capsules, whereas 
the above run was conducted in a graphite sample container. 
The calculations show that even with the precipitation of 
relatively small quantities of orthopyroxene, the trend towards more 
saturated compositions, induced by the separation of olivine, is nullified. 
Si02 remains virtually constant. CaO, Al2o3 and alkalies increase steadily, 
MgO decreases. Removal of olivine+ subordinate orthopyroxene, therefore, 
would be expected to generate derivative liquids of basanitic composition, 
more undersaturated than the parent basanite. If the orthopyroxene/ olivine 
ratio were increased, Si02 contents of the residual liquids would steadily 
decrease as well and they would be trending towards nephelinitic com -
positions. 
4. Fractionation at about 70-100 km depth. 
The experimental results at 22. 5 kb, 24. 8 kb and 27 kb are 
r, 
l , 
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relevant to a discussion of fractionation trends at depths of 70-100 km. 
Fractionation trends in the olivine nephelinite are dominated by the 
separation of aluminous clinopyroxene. Garnet (in minor quantities only) 
is restricted to near-solidus runs, while primary spinel was detected 
in only one run. Removal of clinopyroxene results in decreasing SiO and 
2 
CaO contents in the residual liquids and increasing FeO and alkalies. MgO 
decreases slightly while Al2o 3 and Ti02 show slight increases. As a 
result the trend is one of decreasing normative albite, diopside and 
anorthite and increasing nepheline and olivine. 
It is clear that clinopyroxene fractionation at 27 kb gives rise 
to residual liquids of nephelinitic composition, more undersaturated than 
the parent composition. However the trend of decreasing CaO with 
decreasing Si02 is contrary to that found in natural occurrences (fig. 5). 
The calculations indicate that quite large amounts (>30 % ) of aluminous 
clinopyroxene can be precipitated from the olivine nephelinite before 
atypical nephelinitic compositions result. The aluminous nature of the 
clinopyroxene prevents a rapid increase in the Al2o 3 
contents of the deriv-
ative liquids as is the case with olivine extraction. 
Similar fractionation trends occur at 22. 5 kb. Clinopyroxene 
is the dominant phase. Minor olivine was observed in only one run close 
to the liquidus. Precipitation of subordinate olivine with the clinopyroxene 
still produces residual nephelinitic compositions more undersaturated 
than the parent magma. Compared with the residual liquids produced by 
the removal of an equal amount of clinopyroxene alone, the derivative 
liquids generated by the separation of clinopyroxene together with minor 
olivine are characterised by slightly higher Si02 , Al2o 3 , Cao and alkalies 
and much lower MgO contents. CaO still decreases with decreasing Si0
2 
content. At temperatures below the liquidus, the olivine reacts with liquid 
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to form aluminous clinopyroxene and disappears from the partial melting 
assemblages. The fractionation trends are now determined by the separation 
of Al-clinopyroxene alone and will, therefore, be similar to those operative 
at 27 kb. The Al2 0 3 contents of the clinopyroxenes formed at 22. 5 kb are 
lower than those of the clinopyroxenes stable at 27 kb. Cao is slightly 
higher in the former. Hence, the residual liquids at 22. 5 kb will be slightly 
enriched in Al2o 3 and impoverished in Cao compared with the derivative 
liquids formed at 27 kb. 
Olivine is the liquidus phase at 22. 5 kb, 24. 8 kb and 27 kb 
in the picritic nephelinite and with falling temperature is joined fairly 
quickly by clinopyroxene which is closely followed by garnet. Only very 
minor garnet occurs in the partial melting runs at 22. 5 kb and 24. 8 kb 
(estimated to be :5 5%). Removal of olivine, clinopyroxene and garnet 
at 22. 5 kb and 24. 8 kb (clinopyroxene > olivine> garnet) gives rise to 
residual liquids slightly more undersaturated than the parent magma. 
However while the major oxides show trends one would expect if the melt 
was fractionating towards a melilite nephelinite composition, the process 
is very inefficient. Precipitation of large quantities of crystalline material 
produces residual liquids only slightly more undersaturated than the parent 
nephelinite. 
Substraction of various proportions of clinopyroxene, garnet 
and olivine (clinopyroxene > garnet> olivine) from the picritic nephelinite 
at 27 kb also produces more undersaturated residual liquids. Providing 
the clinopyroxene/ garnet ratio is not too great, the derivative liquids 
are enriched to varying degrees in CaO; Al2o 3 
remains fairly constant, 
alkalies and FeO increase and MgO decreases. However, here again, the 
extraction of quite high percentages of crystalline material produces only 
slightly more undersaturated residual liquids. 
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Olivine is the liquidus phase in the olivine basanite at 24. 8 
kb and 27 kb and therefore, can be assumed to be the liquidus phase at 1 
22. 5 kb. Clinopyroxene is the second phase to crystallise. At 24. 8 kb 
minor garnet occurs with the clinopyroxene, however in a 27 kb run an 
assemblage containing olivine and clinopyroxene as the only two primary 
crystalline phases was obtained. At lower temperatures garnet is also 
expected to crystallise at 27 kb. 
The extraction of various proportions of olivine and clino-
pyroxene (olivine :2:: clinopyroxene) gives rise to a trend of decreasing 
MgO and increasing Al2 0 3 , CaO and alkalies. SiO 2 shows very little 
variation. The residual liquids produced from such a process are charact-
erised by increasing normative nepheline contents as well as orthoclase 
and diopside and decreasing normative olivine. Anorthite remains fairly 
constant. The derivative liquids are, therefore, basanites. However, as 
in the case of the picritic nephelinite, the process is very inefficient in 
leading to any decrease in Si02 content. 
5. Fractionation at depths greater than 100 km. 
The partial melting experiments carried out at pressures of 
31. 5 kb and 36 kb are relevant to a discussion of fractionation trends at 
depths > 10 0 km. 
At 36 kb, clinopyroxene and garnet occur together in near-
liquidus runs on the olivine nephelinite. An accurate estimation of the 
proportions of each mineral present was difficult by optical means, so a 
range in percentages has been taken. Fractionation results in slight 
decreases in the Si02 , Al2o 3 , MgO and Cao contents of the residual 
liquids compared with the parent magma composition. These are accom-
panied by increases in FeO and alkali contents. Normative nepheline 
increases and leucite appears in the norm. Normative anorthite decreases 
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while diopside and olivine remain fairly constant. The separation of 
clinopyroxene and garnet from the olivine nephelinite, therefore, also 
gives rise to nephelinitic compositions more undersaturated than the initial 
mix. A trend of slightly decreasing CaO content is displayed by these 
compositions. This is much less marked than at 27 kb. 
Separation of garnet (Si02 ~ 41 % ) causes the Si02 contents 
of the residual liquids to rise. This is counterbalanced by the precipitation 
of clinopyroxene. A rapid drop in the Si02 contents of the residual liquids, 
therefore, cannot be effected. Precipitation of significant amounts of garnet 
will also result in very rapid decreases in the Al2 0 3 contents of the residual 
liquids. 
There is very little data on the crystallisation behaviour of 
the picritic nephelinite composition at 31. 5 kb. Clinopyroxene and garnet 
appear to be present in approx. equal proportions, close to the liquidus. 
Extraction of 5% clinopyroxene + 5% garnet produces a nephelinitic liquid 
slightly impoverished in Si02 , Al2 0 3 and MgO and slightly enriched in 
FeO, Ti02 and alkalies. Cao remains constant. 
Similar trends are displayed at 36 kb. Subtraction of vary-
ing proportions of garnet and clinopyroxene generates more highly under-
saturated residual liquids of nephelinitic composition in all cases. However, 
again, large amounts of crystalline material have to be removed to produce 
only relatively slight reductions in the Si02 contents of the residual 
liquids. Also the trend of either constant or slightly decreasing CaO con-
tent is contrary to that found in natural occurrences. Therefore, while it 
is quite feasible to derive residual liquids of nephelinitic composition from 
the picritic nephelinite by fractional crystallisation processes at pressures 
around 31. 5 - 36 kb, a differentiation trend leading to melilite nephelinite 
compositions appears to be lacking. 
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Fractionation trends in the olivine basanite magma are 
determined by the separat· on of clinopyroxene and garnet at these depths. 
In the one near-liquidus run conducted at 31. 5 kb, clinopyroxene was 
present in greater quantities than garnet. With decreasing temperature or 
increasing pressure, garnet would be expected to become more abundant. 
Precipitation of 10% clinopyroxene + 5% garnet produces a residual liquid 
slightly impoverished in Si02 , Al2o3 , CaO and MgO and enriched in 
alkalies and FeO. Compared with the parent magma, the derivative liquid 
shows an increase in normative nepheline and diopside and a decrease in 
olivine, anorthite and albite. If the proportion of garnet crystals is increased 
so that clinopyroxene and garnet are precipitated in approx. equal amounts, 
normative nepheline and diopside further increase in the residual liquids 
while olivine, albite and anorthite continue to decrease. CaO is slightly 
higher than in the parent composition. Therefore, by precipitating garnet 
in amounts either, slightly greater than or, approx. equal to the amount of 
clinopyroxene removed, more undersaturated liquids, characterised by 
increasing CaO contents, are produced. However, if garnet is extracted 
in any quantity, the Al2o3 
content of the residual liquids will decrease quite 
rapidly to levels much lower than those found in natural rocks. Also the 
garnet/ clinopyroxene ratio would be such that Si02 would show very little 
change for quite large amounts of material extracted. 
Sumrn ry of Fractionation Trends under Dry Conditions 
At low pressures the dominant role of olivine separation 
from all three compositions, the olivine nephelinite, the picritic nephelinite 
and the olivine basanite, leads to increasing Si02 contents in derivative 
liquids and will not produce olivine melilite nephelinites from the two chosen 
nephelinite compositions or olivine nephelinites from the olivine basanite. 
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Rather, olivine-poor nephelinitic and basanitic compositions are generated. 
At pressures of 22. 5 kb to 36 kb, by crystallisation of various 
proportions of clinopyroxene, garnet and minor olivine, it is possible to 
move from the picritic nephelinite towards more undersaturated compos-
itions. A calculated fractionation trend at 36 kb is shown in fig. 5. To 
produce decreasing Si02 content in derivative liquids, it is necessary for 
the accumulating phases to include a high proportion of clinopyroxene, 
as in most cases they do. Microprobe analyses of the near-liquidus 
clinopyroxenes demonstrate a high CaO content (usually around 12-15%) 
and the dry, high pressure fractionation trend produces liquids of 
decreasing CaO content as well as decreasing Si02 • Liquids produced 
are unlike the natural olivine melilite nephelini tes. Also, extraction 
of relatively large amounts of material is necessary to effect a small 
change in Si02 content, e.g. , the decrease in Si02 content of the picritic 
nephelinite from 43. 7% Si02 to 42. 1 % is effected by extraction of 20% 
0 
clinopyroxene + 10 % garnet (as analysed at 36 kb, 1560 C). 
Similarly, in the olivine nephelinite composition the extraction 
of clinopyroxene (30 %) alone at 27 kb would give rise to the high pressure 
fractionation trend shown in fig. 5. At 36 kb, separation of garnet with 
clinopyroxene would limit the silica depletion yielding compositions at 
intermediate points along the illustrated high pressure dry fractionation 
trend. 
The residual liquids derived from the olivine basanite possess, 
in most cases, higher CaO contents than the parent composition, the 
exception being the case where clinopyroxene is the major phase separating 
out. However, as is the case with the picritic nephelinite, removal of 
quite large amounts of crystalline material produces only slightly more 
undersaturated derivative liquids of basanitic composition. 
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Another feature worth pointing out is that the extraction of 
large amounts of material causes the Mg/ Mg + Fe ratio of the residual 
liquids in the above calculations to rapidly decrease, whereas there is no 
real difference in Mg/Mg+ Fe ratio between natural nephelinites , melilite 
nephelinites and basanites. Therefore, although the fractionation trends 
thus demonstrated can be considered to account for some of the variation 
amongst natural olivine basanite and olivine nephelinite magma compositions, 
the results of the dry melting experiments on the olivine nephelinite, 
picritic nephelinite and olivine basanite compositions are unfavourable 
to the hypothesis that parent olivine basanite or olivine-rich nephelinite 
magmas approaching the chosen compositions can fractionate to yield 
(olivine) nephelinite and (olivine) melilite nephelinite derivative liquids 
under dry conditions at depths up to 130-140 km. 
Partial Melting under Dry Conditions 
In this section consideration is given to the possibility of the 
formation of nephelinitic and basanitic magmas in the mantle by direct 
partial melting under dry conditions followed by magma segregation at 
different depths. The formation of a magma in the mantle requires the 
supply of a large amount of thermal energy to a localised region. Numerous 
mechanisms for causing partial melting and magma segregation in the 
upper mantle have been proposed. The most satisfactory process appears 
to be the model involving fractional melting connected with rising 
"convection" cells in the mantle. For more detailed discussions of 
possible heat sources for partial melting and factors involved in magma 
segregation reference should be made to the work of Green and Ringwood 
(1967b), Verhoogen (1954) and Holmes (1926). 
In one sense fractional melting may be regarded as the reverse 
of fractional crystallisation providing that the crystalline phases are 
similar in both cases. Such a relationship is independent of the actual 
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proportions of phases which may be present (Green and Ringwood, 1967b). 
The parent mantle material from which basic and ultrabasic magmas 
may be derived is believed to be equivalent in composition to a mixture 
of three parts peridotite to one part basalt (termed pyrolite. Ringwood, 
1962; Green and Ringwood, 1963, 1967 b, c). Green and Ringwood's 
experiments have shown that the formation of magmas by fractional 
melting of pyrolite under dry conditions at depths < 100 km (i.e., 
< 27 kb) occurs in the stability field of olivine+ aluminous pyroxenes 
+ 
- spinel. A typical pyrolite mineralogy between 9 kb and 27 kb is olivine 
(~ 60% ) + Al-orthopyroxene (::: 25%) + Al-clinopyroxene ( = 12%) + 
[ spinel + accessories ( ~ 3%) J • At pressures less than 9 kb plagio-
clase may be a stable phase (Green and Ringwood, 1967 b, c). Results 
of experimental work on the compositions studied by the author show that 
olivine and aluminous clinopyroxene separation in varying proportions 
are the key factors in determining fractionation trends up to pressures 
around 27 kb in the olivine nephelinite, 18 kb in the picritic nephelinite 
and 24. 8 kb in the olivine basanite. Thus the phases crystallising from 
the compositions studied at low to moderately high pressures are similar 
to phases in the pyrolite at corresponding pressures with the notable 
exception that Al-orthopyroxene is absent from assemblages crystallised 
from the nephelinite compositions, whereas it is a major phase in pyrolite. 
++ Moreover the Mg/ Mg + Fe ratios of oli vines and clinopyroxenes 
occurring near the liquidii of the experimental compositions are similar 
to the Mg/Mg+ Fe++ ratios of olivines and clinopyroxenes from mantle-
derived ultramafic material such as kimberlite inclusions, peridotite 
nodules and alpine peridotites. 
Partial melting of pyrolite develops liquids at the expense 
of the constituent phases or portions of them. The liquids produced must 
be in equilibrium with the unconsumed crystals, e. g. a 30% liquid fraction 
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might come from 3% spinel + accessories (all gone) + 12% Al-clinopyroxene 
(all gone) + 10% orthopyroxene (15% left) + 5% olivine (55% left). This 
liquid would be in equilibrium with a crystalline residua of olivine + 
orthopyroxene and must have the appropriate chemistry. Looking amongst 
natural basaltic compositions, only those with olivine + orthopyroxene 
as near-liquidus phases could be partial melting derivatives (30 % melting) 
in the above example. 
The data presented in this chapter concerning the fractional 
crystallisation of the olivine nephelinite, picritic nephelinite and olivine 
basanite compositions indicates that the residual liquids produced from 
magmas of such compositions (except for the olivine basanite at 18 kb 
where minor orthopyroxene crystallises in near-liquidus runs) are in 
equilibrium with crystalline residua of olivine, olivine+ clinopyroxene, 
olivine+ clinopyroxene + garnet or clinopyroxene + garnet. The absence 
of orthopyroxene from among the mineral phases crystallised from the 
olivine and picritic nephelinite compositions implies that, in the reverse 
case of partial melting, all the orthopyroxene from the parent pyrolite 
must be consumed while much of the clinopyroxene and olivine is left. 
This seems to be extremely unlikely as the chemical compositions of the 
highly undersaturated magmas are not consistent with a derivation involving 
the incorporation of high proportions of orthopyroxene in the liquid phases. 
In the case of the olivine-rich basanite the presence of olivine 
+ orthopyroxene, olivine+ orthopyroxene + clinopyroxene as the near-
liquidus phases at 18 kb suggests that a liquid of olivine basanite com-
position could be derived by partial melting of pyrolite at 18 kb. It is 
envisaged that such a liquid would be derived mainly from the accessory 
minerals, clinopyroxene and olivine with a lesser contribution from ortho-
+ pyroxene. Residual crystals would be olivine+ orthopyroxene - minor 
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clinopyroxene. It may be noted that Green and Ringwood (1967b) considered 
that the most undersaturated liquid obtainable by direct partial melting 
under dry conditions at 40 - 60 kms (13. 5 - 18 kb) was alkali olivine basalt 
containing about 25% normative olivine and < 5% normative nepheline. 
The data obtained in this project indicate that liquids with higher normative 
nepheline ( ~ 10% ) and lower normative albite ( c:: 6%) may be derived 
by partial melting at deeper depths ( ~ 80 kms). It is important to note 
that such liquids are even richer in olivine (30 - 35%) than the most 
undersaturated liquids formed at 40 - 60 km, . . 
Work carried out by Green and Ringwood (1967 b, c) has shown 
that the mineralogy of pyrolite at depths around 90 km and temperatures 
near the basalt solidus or liquidus consists essentially of olivine+ Al-
orthopyroxene + Al-clinopyroxene. Garnet is absent from this assemblage. 
However, the results obtained by the author demonstrate that garnet is 
an important phase at 27 kb, 1100°c in the olivine nephelinite composition. 
Garnet also occurs near the solidus in partial melting runs on the olivine 
nephelinite at 27 kb. Garnet first appears in partial melting runs on the 
picritic nephelinite at 18 kb and the olivine basanite at 24. 8 kb. Green 
and Ringwood concluded that the occurrence of garnet in their compositions 
at pressures :S 27 kb demonstrated that the basaltic compositions chosen 
were not compositions that could be derived by direct partial melting and 
magma segregation from pyrolite at pressures around 27 kb under dry 
conditions. A similar conclusion may be reached for the more under-
saturated compositions studied experimentally by the author. 
The author, therefore, concludes that the most undersaturated 
compositions (olivine nephelinite and picritic nephelinite) studied experi-
mentally are not liquids compatible with a derivation by direct partial 
melting of pyrolite under dry conditions, at least down to depths of 
130-140 km. 
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CHAPTER 5 
PARTIAL MELTING EXPERIMENTS ON THE OLIVINE NEPHELINITE 
AND PICRITIC NEPHELINITE COMPOSITIONS UNDER WET CONDITIONS 
Introduction 
Yoder and Tilley (1962) conducted pioneering work on the 
crystallisation of a number of natural basalt compositions under controlled 
water vapour pressure conditions from O - 10 kb (P O = P 1 d ) using a H2 oa 
gas apparatus. They demonstrated lowering of the liquidi of the compositions 
studied with increasing PH O , together with an increase in the size of the 2 
field of crystallisation of amphibole. 
An investigation of the phases crystallising under wet conditions 
in the olivine nephelinite and picritic nephelinite compositions has been 
carried out. The experimental procedure followed has been described in 
Chapter 2. With the particular experimental techniques used, the amount 
of water retained in the sample cannot be controlled and this may differ from 
run to run and particularly differs with variations in furnace assemblies 
and type of sample capsule used. These variations in water content (i.e., 
P O ) are reflected in the differing degrees of crystallinity displayed by H2 
the experimental charges for constant P-T conditions (see Tables 19-22). 
The effective depression of liquidus temperatures by the addition of water 
ranged from 150°c to 200°c in the compositions studied by the author. Near-
liquidus runs on the picritic nephelinite with orthopyroxene as the major 
0 0 phase were obtained at 1150 C and as high as 1280 C at pressures of 22. 5 
and 27 kb. The sequence of crystallisation in these experiments was thus 
inferred by comparisons of relative proportions of primary and quench 
phases or glass and by Mg/Mg+ Fe ratios of crystallising minerals rather 
than by comparison of run temperatures. It is important to note that the 
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nature and sequence of phases crystallising and particularly the role of 
orthopyroxene were the same for runs in both platinum and graphite capsules. 
Mutually consistent results were also obtained using boron nitride or pyro-
phy llite spacers in the furnace assemblies. 
The results of partial melting experiments on the olivine and 
picritic nephelinite compositions are summarised in Tables 19-22. 
Experimental Results 
Olivine, clinopyroxene etc. possess similar crystalline habits 
to those described for the dry melting runs in the preceding chapter. Ortho-
pyroxene is very distinctive in the experimental runs, exhibiting a greater 
tendency towards euhedral form and large crystals than any other mineral 
present. The orthopyroxene crystallises as elongate, tabular grains. In 
almost completely glassy runs, it is virtually free of inclusions. However, 
at temperatures below the liquidus, rounded inclusions of olivine and garnet 
are abundant. The relative proportions of olivine and garnet vary depending 
on the proximity of the run to the liquidus. In runs close to the liquidus 
olivine predominates whereas, in those runs well removed from the liquidus, 
garnet is the far more abundant phase. The orthopyroxene is optically distinctive 
in having straight extinction with low birefringence in prismatic sections. 
In addition fine grained quench clinopyroxene frequently occurs as narrow 
outgrowths mantling the orthopyroxene. 
Quench clinopyroxene occurs as feathery, fine grained, turbid 
masses without crystal form and with wavy extinction. Quench amphibole 
generally occurs as aggregates of very fine grained material, occasionally 
as small grains. The latter are characterised by very ragged appearances 
and undulose extinction. Fine ribbing was sometimes detected. Primary 
amphibole generally grows as small, sometimes rather irregular, tabular 
CONDITIONS OF THE RUN 
Run No. Capsule Preaaure 
(kb) 
1295 Gr 18 
1291 Gr 18 
1312 Pt 18 
1317 Pt 18 
1318 Pt 18 
1316 Pt 18 
1310 Pt 18 
1305 Pt 18 
1315 Pt 18 
1286 Gr 18 
1308 Pt 18 
1309 Pt 18 
1307 Pt 18 
TABLE 19. Details of Partial Melting Experiments on the OlJVINE NEPHElJNlTE Composition under WET 
CondJtlona 
Temp. 
(0 C) 
1340 
1290 
1280 
1280 
1270 
1270 
1260 
1260 
1250 
1230 
1220 
1210 
1200 
Time 
(ml~ 
60 
60 
15 
15 
15 
15 
15 
15 
15 
60 
15 
15 
15 
PHASES PRESENT 
Opx + •Cor + Slll ? + Glaae 
+ ~ + Go + q-cpx + q-~ + Glass 
Ga+ Amp + q-amp + Glass 
OJ + Opx + Ga + q-cpx + q-amp? + 
Glaee 
01 + Opx + Ga + q-cpx + q-amp? + 
Glaee 
01 + ~+ + Ga +Amp+ ~ + q-cpx 
+ q-amp + Glass 
+ 
01 + ~ + q-cpx + q-amp + Glass 
q -amp + Glaee 
q- amp + Glaee 
Opx +Ga+ Cor? + q-amp + Glass 
q-amp + Glass 
+ Q! + ~ + q-amp + Glass 
+ + Q! + Opx + ~ + q-cpx + q-amp 
+ Glass 
COMMENTS 
Glass largely Interstitial. Aburdant corundum ae small lathe - more rarely ae larger 
euhedral rounded grains. Characterised by very hlgb relief and low - moderate birefring-
ence and restricted to the margins of the poUshed section. A couple of large onho-
pyroxenes . mantled by quench cpx. Possible ellllmanlte ae very fine grained aggregates. 
Abundant glass+ minor que"ch (90 %). Tabular Opx. common - almost free of Inclusions 
and olten mantled by quench cpx. Rare garnet - could not be detected in poUshed section. 
Abundant glass+ quench a mphlbole. Scarce primary amphlbole and garnet. Primary 
crystals were not detected In poUshed section. 
Approx. 95'{ glass - very mJnor quench. Scarce Opx, frequently mantled by quench 
cpx and containing few olivine Inclusions. Rare garnet. Primary crystals were not 
observed In polJehed section. 
Approx. 98 % glass. Rare Opx, sometimes mantled by quench cpx - rare olJvlne Inclusions. 
Very minor garnet. Polished section consists of glass + very mJoor quench. 
Minor glass ; abundant quench. Primary amphlbole as very small grains. Common 
Opx - generally mantled by quench cpx - contains few olJvlne Inclusions. Minor garnet. 
Medium , euhedral spine) occurs In minor quantities - restricted to a glassy portion of 
the section. 
Patchy run - some ponJons entirely glass ; others glass+ quench ; others very fine 
materlaL Opx occurs In the glassy port.lone - gen. mantled by quench cpx. Rare oUvlne 
Inclusions. 
Above llquidue. Abundant fine grained quench material - has an Irregular stringy 
appearance. 
Abundant fine grained quench material. 
Approx. 95 '{ glass+ fine quench materlaL A few email onhopyroxenes. Common garnet 
as medium, rounded grains. Corundum fairly common around the margins of the section. 
Abundant quench as fine, Irregular, stringy needles. Texture similar to that found m 
many eerpentlnltee. 
Abundant quench ae email fibrous grains. Minor ollvine ae medium, euhedral crystals. 
Rare Cpx as large, Irregular grains. 
Minor glass ; abundant quench. 1"rge, euhodral oUvlnee. OIJvlne le the principal 
crystalline phase. Common primary Cpx ae large euhedra. Minor Opx - occasionally 
mantled by quench cpx. 
Run No 
1280 
1281 
1278 
1282 
TABLE 19 (Contd) 
CONDITIONS OF THE RUN PHASES PRESENT COMMENTS 
Capsule 
Gr 
Gr 
Gr 
Gr 
Pressure Temp. 
{kb) (OC) 
18 1200 
22. 5 1230 
22. 5 1200 
27 1240 
Time 
(mjns) 
60 
60 
60 
60 
Q!+ + ~ + q-amp + Glass 
01 + 9£15.+ + ~ + + q-cpx + q-amp + 
Glass 
+ + 01 + ~ + ~ + ~ + q-cpx + 
q-amp + Glass 
q-amp? 
Common Opx as large tabular grains - a few contain small olivine inclusions. Many 
are mantled by outgrowths of quench cpx. Large subhedral olivines in minor quantities 
(5%). In polished section. Opx Is rel. scarce while abundant olivine occurs as medium, 
euhedral crystals. 
Approx. 90'! glass+ minor quench. Common olivine and Opx. Rare ollvme inclusions 
occur In the latter. Rare garnet crowded with small olivine inclusions. In polished 
section garnet Is abundant - as large euhedra with numerous inclusions. Opx fairly 
scarce in comparison. 01.ivine very rare. 
Abundant glass ; mlnor quench. Large orthopyroxenes common. Many are mantled by 
quench cpx. Rare olivine inclusions. Minor garnet as medium, euhedral-subhedral, 
poikllitic grams. Very large garnets (500 µ across) common in polished section -
restricted to the central portions , while Opx is cone. a r ound the margins. Mlnor glass. 
Small quantities of metallic iron also occur - as small rounded grams , sometimes as 
Inclusions lo garnet. 
Consists of very fine grained material 
• Presence of underlined phase confirmed by X- ray and/ or probe data . 
+ Indicates phase analysed by probe. 
Abbreviations used: 01 • olivine, Opx • orthopyroxene, Cpx • clinopyroxene, Ga= garnet, Amp • amphibole, Fe • iron, 
q-cpx • quench clinopyroxene, q-amp ~ quench amphiboJe, Cor • corundum, SiJI • sillimanite, Pt • platinum, 
Gr• graphite. 
CONDITIONS OF THE RUN 
Run No. 
1273 
1270 
1216 
1217 
121 5 
1218 
1211 
1225 
1227 
1220 
1214 
Capsule 
Pt 
Pt 
Pt 
Gr 
Pt 
Gr 
Pt 
Gr 
Gr 
Gr 
Pt 
Pressure 
(kb) 
13. 5 
13. 5 
18 
18 
18 
18 
18 
22.5 
22. 5 
22 . 5 
22. 5 
TABLE 20. Details of PaMlal Melting Experiments on the PICRJTIC NEPHEUNITE Composition under WET 
Conditions . 
Tgmp. 
( C) 
1220 
1200 
1270 
1270 
1250 
1230 
1190 
1290 
1280 
1270 
1270 
Time 
(ml~ 
15 
15 
15 
60 
15 
60 
15 
60 
60 
60 
15 
PHASES PRESENT 
+ 
•Q!. + q-cpx ? + Glass 
Qt + q-cpx ? + Glass 
01 + Opx + Cpx + q-cpx + q-amp? 
+ Glass 
q- amp ? + Glass 
Q!+ + Opx + ~ + q-cpx + q-amp ? 
+ Glass 
Ga+~+ q-amp + Glass 
0 1+ + Opx ? + Ga + ~+ q-amp 
+ Glass 
01 +~+Glass 
q-amp + Glass 
01 + ~ + Ga+ q-cpx + q-amp + 
Glass 
01 + ~ + Ga + q-cpx + q -amp + 
Glass 
COMMENTS 
Practically entirely glass - rare fine quench material Minor oi.Jvlne euhedra. 
Very similar to run 1273. 
Mainly glass (95%). Very minor , fme quench material Small euhedral-suhhedral 
olivine and cllnopyroxene are the principal crystalline phases . X-ray data shows 
that olivine is much more abundant than Cpx. Rare tabular grains of Opx - crystals 
are notably larger than coexisting 01 and Cpx. Many are mantled by narrow out-
growths of quench c px. Polished section consists of glass and minor quench. 
Above llquidus. Abundant glass and fine quench material 
Approx. 90% glass + very minor fine quench. X- ray data shows olivine to be the most 
abundant mineral type. Primary Cpx occurs as small, subhedral grains. A few 
medium, tabular orthopyroxenes - virtually inclusion free and generally mantled by 
quench cpx. 
Mainly fine quench material + minor glass (approx. 90-95%). Common rounded garnets 
together with small tabular laths of primary amphibole. characterised by high relief, 
moderate birefringence and slightly Inclined extinction - tend to occur In small clusters , 
Indicating crystal settling. 
Mainly fine quench material Minor glass. Medium olivine and tabular primary 
amphlbole (tends not to be as large as orthopyroxene) are the principal mineral phases. 
T iny rounded inc lusions of garnet occur In some of the amphlbole grains. Very minor 
Opx may also be present. 
Practically right on liquidus. One large Opx crystal with rare oh vine inclusions was 
detected. 
Above llquldus. Abundant, fine quench material ; minor glass. 
Glass common; minor fine quench material. Abundant large, tabular oMhopyroxenes , 
often rimmed by narrow outgrowths of quench cpx - contain numerous small - medium 
garnet incl us ions and very rare olivine. Garnet also occurs In small clusters -
indicates crystal settling. 
Common, large, tabular orthopyroxenes - often mantled by q -cpx. Small inclusions of 
garnet and olivine occur - not as common as In run 1213. A couple of small, discrete 
o!Jvlnes occur. 
CONDITIONS OF THE RUN 
Run No. Capeule Pressure Temp. 
(kb) (OC) 
1213 Pt 22 . 5 1260 
1231 Gr 22. 5 1260 
1212 Pt 22 . 5 1245 
1232 Gr 22. 5 1240 
1210 Pt 22 . 5 1230 
1219 Gr 22.5 1230 
1209 Pt 22 . 5 1200 
1181 Pt 24. 8 1200 
1183 Pt 24. 8 1150 
1262 Gr 27 1480 
1261 Gr 27 1465 
1258 Gr 27 1460 
1226 Gr 27 1280 
PHASES PRESENT 
Time 
(ml~ 
15 Q!. + ~ + Cpx + Ga + q-amp + 
Glaes 
60 Opx ? + Amp? + q-amp + Glass 
15 ot +Amp+ q-~ + Glass 
60 01 + Opx + q-amp + Glass 
15 Q!+ + ~ + Ga +Amp+ q-a.!!!£ + 
Glass 
60 Opx + Ga + Amp ? + q-~ + 
Glass 
15 Ga +Amp+ q-~ + Glass 
60 Q!+ + q"2 + Glass 
60 Q! + Opx ? + ~ + ~ + A...!!!P + 
Glass 
50 Cpx? + q-cpx? + Glass 
60 Cpx? +Ga+ Amp+ q-amp + 
Glass 
60 q-amp + Glass 
60 + Q!. + ~ + Ga+ q-cpx + q-amp 
+ Glass 
TABLE 20 (Con~ 
COMMENTS 
90-95\{ glass + fine quench. Many of the orthopyroxenes contaJn smalJ, rounded 
Inclusions or garnet and olivine, the former being the more abundant. Thin 
lamellae of primary Cpx are commonly intergrown with the Opx. 
Mainly fine quench material . A few small crystals or possible Opx. Rare primary 
amphlbole may also be present. 
Mainly fine quench + mlnor glass (85-90%). Small, ragged, tabular grains or 
primary amphlbole are fairly common - tiny Inclusions occur In some of the grains. 
More euhedral oil vines also occur in minor quantities. 
Very close to liquidus. Quench mater ia l very rare. Rare olivine as small inclusions 
in Opx. The latter is relatively common. 
Abundant fine quench. Opx and garnet rare. Primary amphlbole as long, tabular 
grains - many contain numerous small, rounded olivines and occasional garnet~ 
Amphibole and oU vine a re the main mJneral phases . 
Abundant fine quench mater1aL Common garnet; Opx mJnor. 
Fine quench very abundant. Small, tabular grains of primary amplubole are common-
usually crowded with small garnet inclusions. Small, subrounded garnets also 
relatively common. 
Very close to llquidus. Mec!Jum-la rge, euhedrol ollvines, the only crystals present. 
Abundant fine quench material. 
Interstitial glass ( < 50%). Small rounded garnets are very common. Minor olivine 
and Cpx. Rare Opx may also occur. 
Practically right on llquldus. Consists or glass + very minor quench material + 
a couple of large grains of possible primary Cpx. 
Abundant fine quench and mJnor glass. Medium, rounded garnets dominate the 
mmeral phases - contain numerous small inclusions . Small tabular graJns or pri-
mary amphlbole oc,.,r in mJnor quantities. Rare Cpx? as medium sized graJns, 
characterised by extl'nctlon angles of approx. 45° - does not occur as tabular grains. 
Above Uquldus. Minor glass; abundant quench. Amphlbole as mec!Jum sized graJns 
with ragged outlines and ribbed texture. 
Mainly glass + fine quench (80-8 5\{). Large tabular ortbopyroxenes are common -
contaJn numerous rounded garnet inclusions and rare olivine. Larger subhedral 
garnets also occur discretely. Quench cpx sometimes mantles Opx. 
CONDITIONS OF THE RUN TABLE 20 (Cont.cl) 
PHASES PRESENT Run No. 
1204 
1205 
1195 
1201 
1233 
1196 
1185 
1199 
1223 
COMMENTS 
Capsule Presaure Temp 
( OC) 
Time 
(ml~ 
Pt 
Pt 
Pt 
Pt 
Gr 
Pt 
Pt 
Pt 
Pt 
(kb) 
27 
27 
27 
27 
27 
27 
27 
27 
31. 5 
1280 15 
1270 15 
1260 60 
1260 15 
1250 60 
1240 15 
1240 60 
1100 60 
1270 15 
Qpx + q-~ + Glass 
01 + Opx + Ga + q-cpx + Glass 
q-amp? + Glass 
Q( + ~ + ~ + q-amp ? + Glass 
Amp + q-~ + Glass 
+ Q!. + ~ + Q.! + q-£11!!_+ Glass 
.Q! + ..Q.ex + q-cpx + q-~ + Glass 
+ + ~ + ~ + q-cpx + q-amp + 
Glass 
Ga +Amp+ q-amp + Glass 
Mainly glass + abundant quench material. A couple of medium sized onbopyroxenes 
were detected. 
PredomJnan!ly fine grained quench + mJnor glass ( > 98%). A few medium sized 
laths of Qpx - some are mantled by narrow outgrowths of quench cpx and most contain 
at least a few , small, rounded graJns of garnet and olivine. Very rarely small garnet 
clusters occur ( - crystal settllng?) 
Above liquldus . Mainly glass + minor fine grained quench material 
Run fairly close to liquidus. Abundant fine quench and glass. Large onhopyroxenes, 
often containing small inclusions of garnet and rare olivine. Minor garnet also occurs 
In small clusters (crystal settling?). 
Abundant quench + minor glass. Minor primary amphlbole as irregular, medium sized 
crystals. 
Abundant fine quench material. A few ragged grains of olivine. MJnor Opx - contains 
small garnet inclusions and is occasionally rimmed by quench cpx. Small subhedral garnets 
are abundant. 
Mainly fine quench. Minor ollvine and Opx. The latter is often manUed by quench out-
growths of cpx. X-ray data indicates faJrly abundant amphibole. 
f)ne graJned quench still common - glass rare. Abundant large Opx laths, generally 
crowded with garnet inclusions. Quench cpx outgrowths occur. Small, subrounded garnets 
are very common. 
Mainly quench amphibole + mJnor glass (90 - 95%), Small , subhcdral garnets , fairly 
common. Minor primary amphlbole as medlum, euhedral graJns, generally contaJrung 
tiny inclusions of garnet and glass. 
• Presence of underlined phase confirmed by X-ray and/ or probe data. 
+ 
Indicates phase analysed by probe. 
Abbreviations used: 01 • olivine, Opx ~ orthopyroxene, Cpx • cUnopyroxene, Ga • garnet , Amp • amphibole, q-cpx • quench cUnopyroxene, 
q-amp • quench amphlbole, Pt • platinum, Gr • graphite. 
TABLE 21. Details of PartJal Melting Experiments on the OUVINE NEPHEUNITE Composition under WET 
Conditions, using Boron Nitride spacers in the Furnace Assemblages instead of Pyrophylllte 
CONDITIONS OF THE RUN PHASES PRESENT 
Run No. 
1407 
1393 
1408 
1394 
1395 
1404 
1403 
1402 
1399 
1397 
1398 
Preuure 
(kb) 
18 
18 
18 
18 
18 
22. 5 
22. 5 
22. 5 
22. 5 
22. 5 
22.5 
TeQll>, 
( OC) 
1230 
1220 
1210 
1200 
1180 
1280 
1260 
1240 
1220 
1200 
1180 
Time 
(~ 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
COMMENTS 
Rune Conducted using PLATINUM Sample Containers 
Opx? + hJgh relief phase+ q-amp + Gla88 
*Q( + Opx + Cpx + Ga + hJgh rel! ef phase 
+ Q-!!!!J) + Glase 
Opx? + hlgh relief phase+ q-~ + Glass 
+ 
.Q! + Opx + Ga + q-cpx + Q-!!!!j> + Glass 
.Q! + + Opx ? + Cpx + q-!!!!£_ + Glass 
hJgh relief phase + q-!!!!£_ + Glass 
Q!+ + Opx? + Cpx? +Ga+ Q-!!!!J) + Glass 
01 + Opx? + .£2.x + GJI + q-~ + Glass 
Q!+ + Opx + Cpx + Ga + q-<:px + q-~ + 
Glass 
Q!+ + Opx + Cpx + Ga+ q-!!!!J) + Glass 
Q!. + Opx + Cpx + Ga + q -!!!!J) + Glass 
Abundant fine quench ; minor glass. A few email crystals with low birefringence 
(Opx?). Small grains of a high relief phase are rel common - characterised 
by hJgh birefringence. 
Medium olivine euhedra. A few tabular orthopyroxenes - some contain clino-
pyroxene lamellae. Uncommon garnet as small , rounded grains. Rare, high 
relief phase. Run close to liquldus. 
SfmJlar to run 1407 - High relief phase not as common. 
Sim. to run 1193. Minor glass ; abundant fine quench. Common olivine euhedra -
often with blpyrarrudal habit and high birefringence. Opx fairly uncommon - gen. 
rimmed by quench cpx . Tiny olivine inclusions, common. Rare garnet. 
Medium , euhedral olivine common. Cpx as eimJlar sized crystals. Rare Opx 
may also occur. 
Run appears to he above liquJdue . Abundant quench + minor glass. Common high 
R. l. , hJghly birefringent phase. 
Well below liquidue. Rare olivine. Suspect mJnor Opx - a few crystals with olivine 
inclusions , were observed - possess low birefringence and straight extinction. 
Cpx? as medium crystals with low - moderate birefringence and inclined extinction -
contain email olivine inclusions. Rare garnet. 
Minor glass ; quench common. Med.furn Cpx with low - moderate birefringence and 
inclined extinction. Rare Opx possibly also present. Relatively common garnet 
as medium, rounded grains, often containing tiny inclusions. 
Medium olivine and Cpx. Minor Opx - usually contains tiny garnet and olivine 
inclusions - often rimmed by quench cpx. Rare garnet. 
SlmJlar to run 1399 - Not as crystalline. Tabular Opx with irregular margins and 
sometimes containing tiny olivine and garnet inclusions. 
MJnor Opx as small grains, sometimes with Cpx lamellae and tiny inclusions of 
olivine and garnet. Small olivine euhedra. Minor garnet. 
• Presence or underlined phase confirmed by X-ray and/ or probe data. 
+ Indicates phase analysed by probe. 
Abbreviations used: 01 • olivine, Opx • orthopyroxene, Cpx a cUnopyroxene, Ga • garnet, q-amp • quench amphibole, q -cpx • quench cllnopyroxene. 
CONDITIONS OF THE RUN 
Run No. 
1383 
1381 
1387 
1388 
1391 
1390 
1392 
1413 
1414 
1416 
1417 
1418 
Pressure 
(kb) 
22, 5 
22, 5 
22. 5 
22. 5 
22. 5 
22, 5 
22. 5 
27 
27 
27 
27 
27 
Temp. 
( 0 C) 
1300 
1280 
1260 
1240 
1220 
1220 
1200 
1220 
1200 
1170 
1160 
1150 
TABLE 22, Details of Partial Melting Experiments on the PICRJTIC NEPHEIJNITE Composition under WET 
Conditions, using Boron Nitride spacers in the Furnace Assemblages instead of PyTophylUte. 
Time 
(minaj 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
PHASES PRESENT COMMENTS 
Runs Conducted using PLATINUM Sample Containers 
q-amp + Glass 
Amp ? + Ga? -1- q-amp + Glass 
01 + Amp? -1- high relJef phase q-amp + 
Glass 
01 -1- Opx? -1- Ga -1- q-amp -1- Glass 
... 
01 -1- ·~ -1- Ga -1- q-cpx ... q-amp -1- Glass 
01 + Opx + Ga + Amp ? + q-cpx + q-amp 
+ Glass 
0 1 + Qi!!! -1- Ga -1- q-cpx -1- q-amp -1- Glass 
..Q! ... Opx? -1- Ga -1- q-amp? -1- Glass 
Q!-1- + Opx? -1- Cpx? + q-amp + Glass 
01 + Opx? + q-amp ... Glass 
+ 01 + QE!!_ + Cpx + Ga + q-cpx + q-amp 
-1- Glass 
01 + Opx + Ga + q- amp + Glass 
Practically entirely fine quench mater ial. 
Abundant quench as small, ragged grains - rare glass. A few large, pleocbroic (brown-
yellowish brown) crystals with moderate birefringence, a lmost straight extinction and 
fairly high relief - suspect primary amphlbole. A coupleof small isotropic grains with 
high R. l. 
Very close to liquidus - pred. quench amphlbole. Minor olivine. Small grains of very 
high relief, highly birefringent phase rel. common (Mg-llmenlte ?). A couple of grains 
of brown, pleochroic amphibole? 
Close to llquldus. Mainly ragged grains of quench material. Minor olivine. Rare 
garnet. A few medium, tabular grains could possibly be Opx. 
Abundant One quench, Large tabular ortbopyroxenes fairly common - contain rare 
olivine and garnet - often rimmed by quench cpx. Mino r oUvlne as small crystals. 
Rare garnet. 
Pred. glass ; minor quench. Abundant large tabular ortbopyroxenes - often rimmed by 
quench cpx - small garnet Inclusions common, rarer olivine. Common garnet as small, 
subhedral-rounded grains. Very minor olivine. Rare brown amphlbole ? 
Pred. fine quench ; minor glass. Abundant Opx - often rimmed by quench cpx. Small 
oUvine inclusions common; garnet rare. Medium ollvine and small subbedral garnet 
fairly common. 
Close to Uquidus. The quench occurs as quite large grains. Scarce olivine and very 
rare garnet. Poeslble Opx. 
Minor oil vine. Suspect Cpx - as ragged, tabular gralns with higher birefringence than 
Opx and inclined extinction.. No convincing Opx - however a number of grains could 
possibly be Opx. 
No convincing Opx. 
Abundant fine grained quench + minor glass. Medium, tabular ortbopyroxenes common 
- contaln sma ll inclusions of garnet and olivine - often rimmed by quench cpx. Small 
Cpx lamellae occur intergrown with Opx. Abundant garnet. Mlnor olivine. 
Minor Opx, often with small inclusions of garnet and very rarely , olivine. Abundant 
garnet. Minor olivine. 
• Presence of underlined phase confirmed by X-ray and/ or probe data, 
... Indlcates phase analysed by probe. 
Abbreviations used: 01 • olivine, Opx • ortbopyroxene, Cpx • clinopyroxene, Ga• garnet, Amp• amphlbole, q-cpx • quench clinopyroxene, q-amp • quench amphlbole. 
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laths, possessing high relief, low - moderate birefringence, slightly 
inclined extinction and occasionally containing small rounded inclusions of 
+ 
garnet - olivine. In a couple of runs suspected primary amphibole occurs 
as rare, large pleochroic (brown-yellowish brown} , crystals possessing 
moderate birefringence, very small extinction angles and fairly high relief. 
1. Crystallisation of the olivine nephelinite under wet conditions. 
Partial melting experiments on the olivine nephelinite compos-
ition under wet conditions were carried out mainly at 18 kb and 22. 5 kb. One 
run was conducted at 27 kb. At 18 kb and 22. 5 kb large orthopyroxene 
euhedra occur in runs near the liquidus at temperatures of 1200 ° C - 1290 ° C. 
Olivine is generally a minor constituent and is completely absent from some 
runs. Minor garnet often co-exists with orthopyroxene. The assemblages 
most commonly encountered at 18 kb and 22. 5 kb are orthopyroxene + olivine 
+ liquid, orthopyroxene + olivine + garnet + liquid , orthopyroxene + garnet 
+ liquid. Garnet + amphibole + liquid, olivine+ clinopyroxene + liquid, 
olivine+ orthopyroxene + clinopyroxene + liquid, assemblages were also 
observed at 18 kb but are much rarer than the abovementioned combinations 
in which orthopyroxene occurs as a major crystalline phase. 
Probe analyses indicate that small blebs of native iron occur 
in one run (run 1278). Presumably reduction occurred to such a marked 
degree during the run that some of the FeO present was reduced to elemental 
iron. 
2. Crystallisation of the picritic nephelinite under wet conditions. 
Wet runs at 13. 5 kb (1220°c, 1200°C) yield assemblages in 
which olivine is the only primary mineral phase present. At 18 kb near-
liquidus assemblages at 1200 ° C - 1300 ° C contain olivine as the principal 
crystalline phase. Clinopyroxene is also common. Orthopyroxene occurs 
99. 
in minor quantities. At higher pressures (22. 5 - 27 kb) in tre temperature 
0 0 
range 1100 C - 1300 C, orthopyroxene is the dominant crystalline phase, 
occurring generally as large tabular crystals often containing small inclusions 
of garnet and olivine. In runs near the liquidus, the olivine is much less 
abundant than orthopyroxene and garnet may be absent. In runs with a 
greater degree of crystallisation, garnet and orthopyroxene may be the 
major phases with minor olivine. Minor primary amphibole often occurs. 
Rarely garnet+ amphlbole + liquid assemblages are encountered. As well 
as the above experiments, a couple of intended dry runs at 1450 ° C, 22. 5 kb 
yielded orthopyroxene-bearing assemblages (Table 11, runs 1083, 1124). 
In run 1083 large tabular crystals of orthopyroxene are abundant (approx. 
20 %). Minor garnet (approx. 5 - 10%) is the only other crystalline phase 
present. 
The 1200°c, 24. 8 kb run yielded an assemblage consisting of 
olivine + liquid. It would, therefore, appear that olivine is the liquidus 
phase in the picritic nephelinite composition at least up to pressures around 
25 kb, under wet conditions. A 1280 ° C, 27 kb run yields orthopyroxene as 
the only crystalline phase while in a run at 1250 ° C, 27 kb amphibole was 
the only primary phase present. The one run at 31. 5 kb yielded a garnet + 
amphibole + liquid assemblage. 
Possible Contamination of Samples 
Tiny needles and slightly larger laths of corundum and possibly 
sillimanite were observed in some runs. The presence of corundum was 
confirmed by X-ray and probe data. X-ray data also suggests the presence 
of sillimanite in one run (run 1295). A feature of such occurrences is their 
restriction to the peripheral regions of the polished sections. The formation 
of corundum and possible sillimanite is attributed to the movement of Si02 
and Al O -rich material from the pyrophyllite spacers which form part of 
2 3 
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the furnace assemblies, into the sample capsules during the runs. The 
occurrence of relatively large, euhedral spinels in the 127 o ° C, 18 kb run 
(run 1316) on the olivine nephelinite is also thought to have resulted from 
contamination of the sample. Since the Al2 0 3 -rich phases are concentrated 
in the marginal portions of the samples and do not occur in the central areas , 
it was thought that only the outer portions of the sections had suffered 
significant contamination. Nevertheless , the possibility that the addition 
of smaller amounts of Al20 3 and Si02 was responsible for the crystallisation 
of orthopyroxene, was one that had to be thoroughly investigated. 
Bulk analyses (generally for Si02 , Al2o3 and FeO) of the most 
important runs were carried out using continuous microprobe traverses 
(5-10 µ beam size) across the samples. These are listed in Table 23. All 
the readings obtained from traverses across a particular polished section 
were added together and averaged. In a couple of cases more than one 
portion of the charge was present in the polished mount. Where significant 
differences in composition occur between various portions of the one experi-
mental charge, analyses of the different areas are given. Several bulk 
analyses of dry runs on the olivine basanite composition are also included 
in Table 23 to give some indication of the variation in composition of 
experimental charges crystallised under dry conditions. 
The results obtained suggest that in a few cases there has been 
movement of Al2o3 and Si02-rich melt, probably derived from the pyrophyll-
ite spacer , into the sample capsule. A good example is run 1213. One 
fragment in the polished section possesses an average Si02 content of 61. 2% 
and only 1. 6% FeO, whereas the other fragment contains 45. 6% Si02 , 
12. 5% Al
2
o
3 
and 8. 0% FeO (Table 23) and thus compares very favourably 
with the parent picritic nephelinite composition especially when it is con-
sidered that the run was carried out in a platinum capsule. The fragment 
TABLE 23. Partial Analyses of Experlmemal Runa, checking for Sample Contamination. Continuous Traverses 
acrou the Sections were used. Electron Beam size, 5 - 10 µ. 
OLIVlNE NEPHELlNlTE ~ 
Run No. lnltlal 1281 1310 1317 1291 1280 1278 1312 1318 1316 
Capsule Comp. Gr Pt Pt Gr Gr Gr Pt Pt Pt 
Composition 
47. J" 810 44. 3 44. 9 46. 3 48. 0 51. 7• 44. 9 47. 2 • 46. 6 45. 0 
Al/J3 14.2 14. 7 14.4 17. 0 16. 0 15. 0 15. 3 19. 5 20. 5 19. 8 FeO 9. 7 8.7 4. 5 5.1 4. 9 8.2 7. 9 3. 4 4. 0 4.1 
Mg() 13. 3 8. 8 8.4 
Cao II. 2 7. 0 
PICRlTIC NEPHELlNlTE ~ 
Run No. lnltlal 1225 1220 1219 1209 1210 1196 1215 1211 1183 1216 1213 
Capsule Comp. Gr Gr Gr Pt Pt Pt Pt Pt Pt Pt Pt 
Composition 
---
8102 43. 7 53. 9 47. 7• 43. 8 42. 2 41. 0 43.9 42.0 38. 4 43. 3 42. 9 61 . 2 45. 6* 
Al2o 3 12. 3 II. 5 9. 7 12.8 10. 2 12.0 12. 6 12. 6 13. 0 12.1 13.6 14. 7 12. 5 
FeO 10,8 4. 5 7. 5 II. 6 II. 8 9. 3 9. I 8.2 7. 6 11. 4 8.5 I. 6 8. 0 
MgO 17. 0 17. 6 
Cao 9. 7 9. 5 
Run No. 1214 1083 1030 
Capsule Pt Gr Gr 
Composition Opx + GL Glue Aver::_ 
S102 46. 3• 46. 7• 39.1 42.9 45. 7 
Al
2
0
3 11. 2 13. 0 13. 9 13. 5 11. 2 FeO 7.3 9. 4 8. 0 8. 7 7. 3 
OUVINE BASANJTE Q!x 
Run No. Initial 1186 1202 1200 1198 1206 1203 1207 
Capsule Comp. Gr Gr Gr Gr Gr Gr Gr 
Composition 
S102 44. 5 44. 0 43. 7 42. 3 43. 0 42. 3 42. 7 42.4 
Al20 3 12. 0 12. 5 12.8 12. 2 12. 2 12. 0 12. 0 12. 3 
FeO 10.4 10. 7 10. 7 10. 9 11. 2 10. 9 11. 6 11. 7 
MgO 16. 7 16. 8 
Cao 9. 9 9.4 
Abbreviations used: Opx • orthopyroxene, Pt • platinum, Gr• graphite, GI • glass. 
• Indicates presence of common orthopyroxene In portion analysed. 
,I lnd.lcates portion of experimental charge analysed le rich In garnet. 
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with the very high Si02 content is suspected to have come from the marginal 
portions of the charge. By way of contrast, microprobe analyses of glassy 
0 fragments of the 1450 C, 22. 5 kb run (run 1083) on the picritic nephelinite 
yield SiO 2 and Al2 0 3 values very close to those for the residual liquid 
obtained by extracting 20 % orthopyroxene + 15% garnet from the parent com-
position (Table 29). Averaging the oxide percentages for the completely 
glassy sections and for the sections containing glass + orthopyroxene crystals 
again gives values similar to those for the corresponding oxides in the initial 
mix. 
Oxide percentages obtained by the above method depend directly 
on the proportions of crystals (especially orthopyroxene) and glass etc. 
present in the polished surface. Consequently, the values are really meaning-
ful only as long as the crystalline phases are distributed uniformly throughout 
the charge. However , it is !mown quite definitely that this is not always 
the situation. A number of cases have been recorded, for example, in which 
garnet was observed in crushed portions of the sample but could not be 
detected in the polished sections. It is therefore quite possible that, in 
those sections with average Si02 contents of around 45-50% Si02 , ortho-
pyroxene is present in higher concentrations than in other portions of the 
sections. Al O content is another good indication of whether or not sample 2 3 
contamination has occurred. Si02 contents > around 50 % and/ or Al2o3 
contents > about 16 % for the olivine nephelinite composition and 14% for 
the picritic nephelinite are probably due to a certain amount of contamination. 
The author concludes that, in the majority of cases there is 
no evidence for contamination but there is evidence for crystal settling and 
the consequent variations in sample compositions due to the non-uniform 
distribution of mineral phases throughout the sample charges. In some 
samples contamination, yielding an inhomogeneous charge either with , areas 
102. 
rich in corundum or, glassy material characterised by high SiO and Al O 
2 2 3 
contents, has occurred. It is noteworthy that, where contamination was 
observed in the polished mounts, the inner portion of the contaminated 
zone contained spinel + glass while the outer zone contained mainly corundum 
+ glass - i. e. , the introduction and mixing of material did not lead to ortho-
pyroxene precipitation but rather, to the formation of very Al
2
o
3
-rich 
phases. 
As a further check on the possibility of sample contamination, 
boron nitride spacers were substituted for the pyrophyllite spacers in the 
furnace assemblies. It was considered that the Al2o3-rich liquids were 
derived from the pyrophyllite spacers, themselves water-rich and often 
appearing glassy after the runs. Experimental procedures exactly the 
same as those used in earlier runs were followed. The experimental 
results are listed in Tables 21 and 22. 
Several runs on the picritic nephelinite yielded olivine + garnet 
+ orthopyroxene assemblages in which ortbopyroxene was the principal 
crystalline phase. Orthopyroxene was also a common constituent in runs 
on the olivine nephelinite at 18 kb and 22. 5 kb. Runs conducted on the olivine 
and picritic nephelinite compositions using boron nitride spacers appear to 
be, on the whole, similar to those carried out using pyrophyllite spacers 
under the same P-T conditions. 
The experimental charges were recovered from the platinum 
containers as soft, friable powders. Consequently, it was virtually impossible 
to prepare high quality polished sections for probe work. A few olivine and 
orthopyroxene analyses are presented in Tables 27 and 28. The most sig-
nificant difference between these analyses and those obtained from runs 
using pyrophyllite spacers is the low FeO contents of the former. There is 
no apparent reason why the platinum containers should have absorbed more 
iron in the later runs using boron nitride spacers. It is possible that the 
103. 
poor quality and powdery nature of the polished sections may have been 
responsible for a reduction in iron counts. However, the Al O contents 
2 3 
of the orthopyroxenes are similar to those from assemblages obtained 
using pyrophy llite spacers. It should be noted that, if the quality of the 
polish varies greatly on a sample, e.g., if garnets possess a high polish 
but the glass + quench does not (because of its soft, friable nature), then 
the intensity of X-ray radiation received is not proportional to the average 
concentrations of garnet and glass + quench but is biased towards garnet. 
The author, therefore, concludes that the use of alternate 
capsule materials and the analytical results obtained eliminate compositional 
change of the sample as the factor determining the nature of the crystalline 
phases formed in the experiments. 
Analytical Results 
The experimental data briefly described in previous sections 
demonstrate the important role of orthopyroxene in near-liquidus runs in 
the olivine nephelinite at 18 kb and 22. 5 kb and in the pi critic nephelinite 
at 22. 5 kb and 27 kb. In Tables 24, 25 and 26 the results of microprobe 
analyses of phases in the wet melting runs (using pyrophyllite spacers in 
the furnace assemblies) are presented. Olivine and orthopyroxene show 
decreasing values of lOOMg/Mg + Fe with increasing degrees of crystall-
isation but there is a reversal of this trend at the appearance of garnet. 
Garnet has a much lower 100 Mg/Mg+ Fe ratio than co-existing olivine or 
orthopyroxene and thus the mean 100 Mg/Mg+ Fe value for the whole crystal 
assemblage would be at some intermediate value. Similar increases in 
100 Mg/Mg+ Fe ratios were observed in olivine and clinopyroxene at the 
onset of garnet crystallisation under dry conditions (see section dealing 
with olivine analyses, Chapter 4). It should also be pointed out that there 
are differ nces in the 100 Mg/Mg+ Fe ratios obtained with similar degrees 
TABLE 24. Compositions of olivlnes analysed by electron m1croprobe. Fe, Ca, Al determined by direct analysis; Si0
2
, MgO calculated. 
WET conditions; pyrophyll1te spacers. 
Rock Type PICRITIC NEPHELlNITE OLIVINE NEPHE LIN!T E 
Pressure (kb) 13, 5 13, 5 18. 0 18. 0 22. 5 22 . 5 22.5 24. 8 27. 0 27 . 0 18. 0 18.0 18. 0 
Temperature (0 C) 1220 1200 1250 1190 14 50 1245 1230 1200 1280 1260 1210 1200 1200 
Sa m.p ie Container Pt Pt Pt Pt Gr Pt Pt Pt Gr Pt Pt Pt Gr 
Time (rruru.j 15 15 15 15 60 15 15 60 60 15 15 15 60 
Run No. 1273 1270 1215 121 I 1030 12 12 1210 1181 1226 1201 1309 1307 1280 
Composition 
s,o
2 40. 9 40. 5 40. 4 40. 4 40. 4 40. 7 40. 3 40.6 39. 9 40. 4 40. 5 39, 8 40. I 
Al20 3 n. d. n. d. n. cl. n.d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. n. d. 
FeO 9. 4 11 . 5 I I. 8 12. 5 1 ), 9 10. 5 12. 5 11. 0 14 . 7 12. 4 11. 5 15. I 13, 5 
MgO 49. 6 47. 8 47 . 6 47. 0 47 . 3 48. 6 46. 8 48 . 2 45. 3 47 . I 47 . 8 44 . 9 46. 2 
Cao O. I o. 2 o. 2 0. I 0. 4 0. 2 0. 4 o. 2 O. I 0. I o. 2 o. 2 o. 2 
~(mol) 90. 4 88. 1 87 . 8 87. 0 87. 6 89. 2 Mg+ Fe 87. 0 88 . 6 84. 6 87 . I 88 . I 84 . I 85. 9 
MoL Proeor1ions 
Fo 90. 2 87 . 8 87. 6 86. 9 87. I 88. 9 86. 4 88 . 4 84 . 5 88. 0 87. 8 83. 9 85. 7 
Fa 9. 1 11. 8 12. 2 13, 0 12. 3 10. 8 13. 0 I I. 4 15. 3 I I. 9 I J, 8 15. 8 14. I 
La 0. I 0. 3 o. 3 0. I o. 6 o. 3 o. 6 0.3 0.2 0. I 0. 3 o. 3 0. 3 
Coex,sting Opx + Opx(?) Opx• + Amp Opx• + Opx• + Opx + Opx + Opx• 
Crystalline Cpx + ea• Cpx + Ga+ Ga Ga Cpx• 
Phases + Amp Ga+ Amp Amp 
Abbreviations used: Opx • orthopyroxene, Cpx • cllnopyroxene, Ga • garnet, Amp • nmphibole, Gr • graphite, Pt • platinum. 
• Denotes crystal phase analysed by probe. 
n. d. Not detected. 
TABLE 25, Compositions of orthopyroxenes analysed by electron mlcroprobe. Fe, Ca, Al determined by direct analysis; MgO, S102 calculated. WET conditions; pyrophylltte spacers. 
Rock Type PICRITIC NEPHELINITE 
OLIVINE NEPHEUNITE 
Preuure (kb) 22. 5 22. 5 22 . 5 22. 5 22. 5 22. 5 27 . 0 27 . 0 27 . 0 27 . 0 18, 0 18. 0 18. 0 18. 0 22. 5 22. 5 Temperature (0 C) 1450 1290 1270 1270 1260 1230 1280 1240 1240 1100 1290 1270 1260 1200 1230 1200 Sample contaJner Gr G.· Gr Pt Pt Pt Gr Pt Pt Pt Gr Pt Pt Gr Gr Gr Time (mine.) 60 60 60 15 15 15 60 15 60 60 60 15 15 60 60 60 Run No. 1083 1225 1220 1214 1213 1210 1226 1196 118 5 1199 129 1 1316 1310 1280 1281 1278 
Composition 
$102 51 , 8 54 . 8 54,4 54 . 2 53. 9 53. 7 54. 7 55. 0 56,0 55. 4 54. 3 54. 8 55. 3 54. 6 53. 9 54. 3 Al20 3 8. 8 4,9 4. 7 5,8 6.1 6. 3 4.2 5. 7 3. 6 3. 6 5. 6 5. 2 4, 6 4. 7 4. 8 s. 2 FeO 9, 5 7, I 8, 6 7. 0 7. I 7. 5 8. 8 4, 5 5. 3 8. 0 7. 3 s. 9 5. 2 8. 2 10. 4 8.1 MgO 28, 2 32, 1 30, 5 31. I 30. 9 30. 2 30, l 33. 8 33. 7 31, 9 31 . 1 32, 0 32.6 30. 6 29. 0 30. 7 cao I. 7 I.I 1,8 I. 9 2, 0 2. 3 2. 2 I , 0 I. 4 I. 2 1. 7 2, I 2. 3 I. 9 1. 9 I. 7 
~(mol) 
84.1 88 . 9 86.3 88 . 8 88. 6 87 . 8 86. 0 93,0 91, 9 87. 7 88. 3 90. 6 91. 8 86. 9 83. 2 87. I 
Mg+ Fe 
MoLPr!!!!!!rtlons 
En 73, 7 82, 6 79. 2 80. 3 79. 7 78. 3 78 . 6 85. 9 86. I 82. 6 80. 4 82. 3 83. 6 79. 5 76. 0 79. 6 Fe 13. 9 10, 3 12. 6 10, l 10. 3 10. 9 12.8 6. 5 7, 6 11. 6 10. 6 8. 5 7. 4 11. 9 15. 3 11. 8 Wo 3. 2 2.1 3.4 3, 5 3. 7 4, 3 4. I I. 8 2. 6 2. 2 3, I 3, 8 4. 2 3, 6 3. 6 3, 1 At2o 3 9. 3 5, 1 4.9 6.0 6. 3 6. 6 4. 4 5. 8 3, 7 3. 7 5. 8 5. 4 4.8 4. 9 5. I 5. 4 
CoexJstlng Ga 01 Ga 01+ 01 +Cpx OJ•+<;a 01• + 01+ 01 Ga• Ga 01+ Ga 01 OJ• 01 + 01+ Crystalline Ga + Ga + Amp Ga Ga• + Sp Ga• Ga• 
Phases 
Abbreviations used: 01 • olivine, Cpx • cUnopyroxene, Ga • garnet, Amp • amphlbole, Gr• graphite, Pt• platinum. 
• Denotes crystal phase analysed by probe, 
TABLE 26. Composition of garnets and clinopyroxene analysed by electron mlcroprobe. The elements Involved 
below have been determined by di rect analysis . WET condltlona; pyrophylllte spacers. 
GARNET CUNOPYROXENE 
Rock Type PICRITIC NEPHEIJNITE OIJVJNE NEPHEIJNITE 
Preaaure (kb) 27. 0 27 . 0 22. 5 22. 5 18. 0 
Temperature (0 C) 1240 1100 1230 1200 1200 
Sample contslner Pt Pt Gr Gr Pt 
Time (mlns) 15 60 60 60 15 
Rw1 No. 1196 1199 1281 1278 1307 
Composition 
8102 42.3 42. 5 41. 4 41. I S102 49. 5 
TI02 0.8 o. 9 I. 0 o. 7 TI02 o. 7 
Al203 22. 9 22. 9 22 . 8 23. 2 AI2o 3 15. 5 FeO 6.1 9. 3 10. 7 9.1 FeO 8. 2 
MgO 19. 6 18. 6 17. 3 19.3 MgO 12. 5 
cao 7. 5 6. 5 6. 7 6. 6 cao 12.1 
Na2o 1. 3 
K20 
99.2 100. 7 99. 9 100. 0 99.8 
100 Mg (mo!) 85. 1 78. I 74 . 2 79.0 73. 1 
Mg+ Fe 
MoLPr211orUons 
Almandine 11.9 18. 2 21. 5 17.4 En 39. 4 
Pyrope 68. 9 65. 2 61. 4 66. 4 Fe 14. 5 
Groseular 19. I 16. 5 17. 2 16. 2 Wo 27. 5 
Jd 2. 7 
AI2o 3 15. 9 
Co-existing 01+ Opx• 01 + 01+ 01• + 
Crystalline Opx Opx• Opx" Opx 
Phases 
Abbreviations used: 01 • olivine, Opx • orthopyroxene, Gr• graphite, Pt• platinum. 
• Denotes crystal phase analysed by probe. 
TABLE 27 , Compositions or ohvmes analysed by electron microprobe. Fe, Ca, A I deterrruned by direct 
analysis; MgO, Si0
2 
calculated. WET condit ions; boron mtride spacers. P latJnum 
sample containers. 
Rock Type OLIVINE NEPHEUNJTE P ICRITJC NEPHEUNJTE 
P ressure (kb) 18 18 18 22. 5 22 . 5 22. 5 27 
Temperature (0 C) ll80 1200 1220 1200 1220 1260 1220 
Time (rnlns.) 15 15 15 15 15 15 15 
Run No. 1395 1394 1393 1397 1399 1403 1414 
Composition 
S10
2 41. 2 41 . 5 40. 6 40. 8 41 . 6 40. 9 41. 1 
Al20 3 
FeO 7. 8 6. 0 ll , 3 9. 9 5. 5 9. 7 8. 4 MgO 50. 8 52. 3 47. 8 49. 1 52 . 7 49. 1 50. 3 Cao o. 2 o. 2 o. 3 o. 2 o. 2 o. 3 o. 2 
100 Mg (mol) 92. 0 93. 9 88. 3 89. 8 94. 4 90.0 91. 4 Mg+ Fe 
MoL Pro~rtlons 
Fo 91. 9 93. 7 87, 8 89. 6 94 . 2 89. 6 91 . 2 Fa 7, 9 6, 1 11 . 7 10. 1 5. 5 10. 0 8 . 5 La o. 3 0. 3 o. 4 0. 3 o. 3 o. 4 o. 3 
Coexlstlng Opx? Opx Opx + Cpx Opx Opx Opx? Opx? Crystalline + Cpx + Ga +Ga+ + Cpx + Cpx + Cpx? + Cpx ? Phases Mg-llmenlt e? + Ga + Ga + Ga 
Abbreviations used: Opx • orthopyroxene, Cpx • cllnopyroxene, Ga • garnet . 
TABLE 28. Compositions of orthopyroxenes analysed by electron microprobe. 
Fe, Ca, Al determined by direct analysis; MgO, Si0
2 
calculated. 
WET conditions; boron nitride spacers. Platinum sample containers. 
Rock Type 
Pressure (kb) 
0 Temperature ( C) 
Time (mins.) 
Run No. 
Composition 
Si02 
Al
2
o
3 
FeO 
MgO 
Cao 
100 Mg ( mol) 
Mg+ Fe 
Mol. Proportions 
En 
Fs 
Wo 
Al2o3 
Coexisting 
Crystalline 
Phases 
PICRITIC NEPHELlNITE 
22.5 
1220 
15 
1391 
55.7 
4.7 
3. 6 
34.1 
1. 9 
94. 4 
86.6 
5. 1 
3. 5 
4.8 
01+ 
Ga 
27.0 
1160 
15 
1417 
55.1 
5. 3 
4. 5 
33.2 
1. 9 
92.9 
84.6 
6. 5 
3. 5 
5.4 
01+ 
Cpx 
+ Ga 
Abbreviations used: 01 = olivine, Cpx • clinopyroxene, 
Ga= garnet. 
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of crystallisation between platinum and graphite capsules. These can be 
attributed to iron loss in the platinum capsules. The magnitude of this 
effect is to change the lOOMg/Mg + Fe ratio of the near-liquidus ortho-
pyroxene in the picritic nephelinite from around 8 9 in graphite capsules to 
92 in platinum capsules and from 87 to 92 in the olivine nephelinite. 
The Al2 0 3 contents of the orthopyroxenes are moderately high 
and show some scatter which may be attributed to analytical error or to 
difficulties due to the presence of poikilitically included olivine or garnet. 
Green and Ringwood's (1967c) studies on pyrolite compositions revealed 
+ + that for orthopyroxene in equilibrium with garnet ( - olivine - liquid) there is 
a decrease in Al2 0 3 with increasing pressure. A similar trend is displayed 
by the orthopyroxenes crystallised from the olivine and picritic nephelinite 
compositions. The Al2o3 content of orthopyroxene co-existing with garnet 
at 22. 5 kb, 1250°C, is 5 - 6% and at 27 kb, 1250°C is 3. 5 - 4%. These 
values are in good agreement with Al2 0 3 
contents of orthopyroxene in the 
assemblage olivine+ orthopyroxene + clinopyroxene + garnet in pyrolite 
(peridotite) compositions under the same physical conditions (Green and 
Ringwood, 1967c). 
CaO contents of the orthopyroxenes are rather variable, 
possibly in part due to analytical difficulties, but most orthopyroxenes do 
not co-exist with clinopyroxene and therefore are not saturated in CaSi0
3 
0 
solid solution. The one clinopyroxene (18 kb, 1200 C) analysed is very 
aluminous and shows much less (Mg, Fe) Si03 solid solution than clino-
o pyroxenes co-existing with orthopyroxene at 1350 - 1400 C in the basaltic 
compositions studied experimentally by Green and Ringwood (1967b). 
Fractionation Trends under Wet Conditions 
Calculated fractionation products at 18-27 kb for both 
nephelinite compositions are presented in Table 2 9 using estimates of the 
percentages of crystals consistent with observations of the sequence of 
appearance of crystals and their relative abundances. It may also be noted 
TABLE 28. Fractiomtlon of Olivine NepbellnJte and Plcrltlc Nepbelinlte under WET oondltlona. 
Rook Type OLIVINE NEPHEUNITE PICRITIC NEPHEUNITE 
PrHlllll"e (kb) 18.0 22. 5 22. 5 22. 5 22. 5 22. 5 22. 5 27.0 
Nature and Nll 15'Wp,, 10'1, 15'l,Opx 20'l,Opx Nil 10'1, 10'1, 0px 20'l,Opx 20'l,Opx 
eltlmaled 'I, of (lnltal + 5'1,01 Opx +IO'l,O& +IO<t,o. (Initial Opx +5'1,0l• +1ow." +15'1, Ga 
cryat&la liquid) liquid) +5'1, 01• 
Com~ 
Realdual Uqulda Residual Uqulda 
8102 44.3 42. 8 43. 2 42.8 41.8 43. 7 42.4 42. 7 40. 9 39.2 
Tt02 I. 5 I. 9 I. 7 1.9 2.0 I. 3 1.4 I. 5 I. 8 2.0 
Al2o3 14.2 16. 9 IS. 2 14.8 15.8 12. 3 13.1 13. 7 13. 5 13. 7 
Fe2o3 o. 5 o. 8 o. 6 o. 7 o. 7 I.I I. 2 I. 3 I. 7 1.8 
FeO 9. 7 9.8 9. 7 10.1 10.3 10.8 11. 2 11. 2 12. 4 12. 5 
MnO 0.2 o. 3 o. 2 o. 3 o. 3 0.2 o. 2 0.2 o. 3 o. 3 
Mg() 13.3 8. 0 11. 8 9.1 7. 6 17.0 15. 3 13.8 11. 0 10. 5 
cao 11. 2 13. 8 12.2 13. 6 14.6 9. 7 10. 7 11. 2 12. 6 13.8 
Na20 3. 6 4. 5 4. 0 4.8 5.1 2. 7 3. 0 3. 2 4. 0 4.4 
K20 1.0 I. 3 I.I I. 3 1.4 0.8 o. 9 o. 9 I. 2 1.3 
P205 o. 5 o. 8 0.6 o. 7 o. 7 0.4 0.4 0.4 o. 6 0.6 
-- --
100.0 100.1 100.1 100.1 100.1 100.0 99.8 100.1 100.0 100.1 
~(mol) 71. 0 59. 2 68.1 61 . 6 56. 8 73. 8 70.8 68. 7 61. 2 59.9 Mg+ re++ 
CIPW norm of liquid phue 
Or 6.1 4. 5 2.0 2. 5 
Le 6.1 5.2 6. I 6. 5 2. 9 2.4 5. 6 6.1 
Ab 2.0 3.4 
Ne 15.3 20. 7 18.4 22. 0 23.4 10.6 13. 7 14. 7 18. 4 20.1 
An 19.4 22.0 20. 0 15. 0 15. 5 19.2 19.4 20.0 IS. 0 13. 6 
DI 26.4 26. 9 29. 3 31. 3 2S. 9 21. 7 24. 9 26. 6 23. 6 14.4 
01 25. 9 15. 8 21. 6 16. 3 15. 9 35. 7 31. 6 28. 2 25. 4 27.6 
Ca 2. 9 o. 3 2. 9 6. 3 4. 6 10. 5 
Ap 1.3 I. 3 I. 3 I. 6 I. 6 1.0 1.0 I. 0 I. 3 I. 3 
II 2.9 3. 8 3. 2 3.6 3.8 2.4 2. 7 2. 9 3. 5 3.8 
Mt o. 7 o. 9 0.9 o. 9 o. 9 I. 6 I. 9 1.9 2. 6 2. 6 
-- -- -- -- -- -- --
-- -- --
100.0 100. 2 100.2 99. 7 99. 8 100.1 100.1 100. 2 100.0 100. 0 
Abbrevlatlona uaed: 01 • olivine. Opx • orthopyroxe1>11 0 Ge • garnet. 
,; Analyola of p .rnet Crom run 1196 (27 kb, 124o0 ci; 
• Analyola o( olivine from run 1210 (22. 5 kb, 1230 C). 
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that microprobe analyses of the quench or glassy portions of samples with 
major orthopyroxene show compositions consistent with the calculated 
derivative liquids, in particular showing compositions with only 38-39 % Si0
2 
(see Tables 23 and 29). 
Precipitation of relatively small amounts of aluminous ortho-
pyroxene produces residual liquids significantly poorer in Si02 and MgO and 
richer in Ti02, Al2o3 , FeO, CaO and alkalies than the original nephelinite 
compositions. Normative K-felspar and albite disappear, normative olivine 
decreases, while normative anorthite, leucite, nepheline and larnite increase. 
The trend is , therefore, towards more undersaturated nephelinite and 
melilite nephelinite compositions. The conformity of the experimentally 
determined fractionation to the trend of compositional variation in natural 
inclusion-bearing rocks is well shown in figs. 5 and 6. Comparison with 
the natural rocks indicates that the Al2o3 and CaO contents of the residual 
liquids derived from the olivine nephelinite in particular, are rather high 
for the degree of Si02 undersaturation. This , however , is due at least in 
part to the relatively high amounts of CaO and Al2o3 present in the initial 
composition. A CaO content of 9 - 10% would have been much closer to 
that found in the majority of natural, nodule-bearing rocks (fig. 5). The 
picritic nephelinite, with 9. 7% CaO is ideal in this respect. 
The appearance of garnet as a crystalline phase co-existing 
with orthopyroxene modifies the fractionation trend, preventing further 
Al O enrichment. Normative anorthite now decreases quite rapidly together 
2 3 
with diopside and olivine (less rapidly) while leucite, nepheline and larnite 
increase. If sufficient orthopyroxene is extracted to lower the Si02 content 
of the residual liquid to less than that of garnet, precipitation of garnet 
causes the Si02 content to decrease further. Olivine occurs in most cases 
in very minor quantities. Olivine extraction, therefore, will not greatly 
Fig. 5. Variation of lime vs silica in basaltic rocks which contain 
xenoliths of high pressure mineralogy. Analyses 
were calculated to 100%, omitting H20 and co2 contents. 
The calculated fractionation trends (Tables 16, 17 and 
29) for the olivine nephelinite and picritic nephelinite 
are also shown. 
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Fig. 6. Variation of alkalies vs silica in the basaltic rocks plotted 
in fig. 5. The calculated fractionation trends of Tables 16, 
17 and 29 are plotted and the large arrow defines a similar 
fractionation trend at 13-18 kb for the series of basaltic 
compositions studied experimentally by Green and Ringwood 
(1967b). The line AB is the boundary between the tholeiitic 
and alkalic fields for the Hawaiian province as defined by 
Macdonald and Katsura (1964 ). 
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effect the compositions of the residual liquids but slight decreases in MgO 
and FeO and increases in the other oxides, occur. If sufficient other 
material has been extracted so that the SiO 2 contents of the liquid residua 
have been lowered to less than approx. 39-40%, olivine precipitation will 
also cause a slight decrease in Si02• This is particularly relevant to the 
calculated derivative liquids of Table 29 in that olivine may be their liquidus 
phase at pressures< 18 kb and further fractionation at higher levels in the 
mantle or crust may further decrease Si02• The trend of the melilite-
bearing lavas of fig. 5 with Si02 < 38 % suggests that olivine separation at 
lower pressures may play an important role. The pressures referred to 
must be > 8 kb as the rocks of fig. 5 contain either xenoliths of, or xeno-
crysts from, peridotite with mineral assemblages and compositions incon-
sistent with very low pressure crystallisation. The role of lower pressure 
fractionation by olivine separation will produce an overprinting effect on 
the high pressure fractionation trend leading to a scatter of compositions. 
This may account for the band of compositional variation displayed in 
figs. 5 and 6. If nephelinites not containing ultrabasic nodules and xeno-
crysts are also considered, the bands of compositional variation become 
much wider for certain oxides, in particular CaO and MgO. 
As mentioned earlier, nephelinites possessing very high CaO 
contents (16-17 %) and low MgO contents, as distinct from the high MgO and 
moderately high Cao nodule-bearing varieties, also occur. As the present 
investigation was carried out on MgO-rich compositions arrived at from a 
study of analyses of nodule-bearing host rocks, little can be said about the 
origin of the CaO-rich, MgO-poor varieties. However, at first sight it 
appears as though there is a relationship between the occurrence of CaO-rich 
nephelinites and the type of regional setting • Such varieties are restricted 
in occurrence to the stable continental regions, notably the African Shield, 
and are characterised by a lack of ultramafic nodules and xenocrysts. If 
.. 
-• 
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by some mechanism, movement of magma towards the surface in these 
regions was slowed down or even halted so that prolonged fractionation could 
occur at relatively shallow crustal levels, then CaO-rich and MgO-poor 
compositions would most probably be produced. This is because, at such 
levels, fractional crystallisation processes would almost certainly involve 
the separation of olivine as the principal crystalline phase. The more dense, 
ultrabasic nodules carried up from greater depths could also have time to 
sink, thus explaining the great scarcity of inclusions. 
Another somewhat disturbing feature is the virtual complete 
absence of xenocrysts of orthopyroxene and/ or garnet and xenoliths of 
+ 
orthopyroxene + olivine + garnet - clinopyroxene mineralogy from nephelinitic 
lavas and tuffs. However, only a couple of occurrences of orthopyroxene 
xenocrysts have been reported from more saturated a1kali olivine basalt 
lavas, yet Green and Ringwood's (1967b) experiments have shown that ortho-
pyroxene separation is a most important process in the fractionation of 
tholeiitic magmas to produce alkali olivine basalts, and basanites. Alkali 
olivine basalts, basanites etc. are much, much more voluminous and 
abundantly distributed on the earth's surface than nephelinites. Therefore, 
from a relative point of view, the lack of reported occurrences of orthopyroxene 
xenocrysts etc. in nephelinites is not surprising. 
White (1966) made an extensive examination of ultramafic 
inclusions and the enclosing basaltic rocks from a number of localities in the 
Hawaiian Islands. He found that inclusions in the strongly undersaturated 
basalt types (olivine nephelinite, nepheline basanite, ankaratrite) are 
characteristically and predominantly lherzolit e. The constant association 
of lherzolite inclusions with highly undersaturated host rocks lead White to 
suggest that a genetic relationship exists between the two. He concluded 
that the lherzolite inclusions were derived from the mantle and that they 
are either residua from fusion of the mantle (formed presumably during the 
--- -
-
,. 
-· 
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generation of the nepheline-rich magmas), or are fragments of infusible 
portions of a heterogeneous mantle. 
The present experimental evidence strongly indicates that 
olivine nephelinites and olivine melilite nephelinites cannot form from 
anhydrous parent magmas by fractional crystallisation processes at depths 
< 140 km ; rather the data suggests that they are derived from hydrous 
magmas by fractionation processes involving the separation of orthopyroxene 
+ + 
- olivine - garnet. The experimental evidence, therefore, indicates that 
accumulates or residua of olivine+ orthopyroxene + clinopyroxene mineral-
ogy cannot be genetically related to magmas of nephelinitic composition 
at their source, i.e. , the lherzolite inclusions found in the nepheline-rich 
rocks of Hawaii are accidental 
Conclusions 
1. Role of water in genesis of extremely undersaturated magmas. 
The experiments reported in this chapter are regarded as 
being of a reconnaissance nature. Nevertheless, they clearly demonstrate 
the extremely important role that small amounts of water may play in the 
generation of magmas in the deep mantle. Experiments in which the water 
content of the sample can be carefully controlled are clearly necessary. It 
is assumed in the present experiments that P H
20 
< P load but varied from 
run to run. A similar effect to that reported here is apparent in Green 
and Ringwood's (1964) observation of orthopyroxene as the liquidus phase 
in a picrite at 18 kb under "wet" melting conditions but the appearance of 
olivine as the liquidus phase in later experiments under dry conditions 
(Green and Ringwood, 1967b). 
The author concludes that in olivine-rich or picritic compos-
itions, crystallisation of orthopyroxene continues further into the under-
saturated field with increasing depression of the liquidus by high PH O • 2 
-
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Under dry conditions at 18 kb, the limit of crystallisation of orthopyroxene 
is reached in basanite compositions with about 5% normative nepheline 
(Green and Ringwood, 1967b), but if during fractional crystallisation, the 
water content of the magma also rises then this limit is no longer operative 
and crystallisation of orthopyroxene continues to lower temperatures. 
Separation of orthopyroxene-rich accumulates will take derivative liquids 
to olivine and olivine melilite nephelinite compositions. If parent compos-
itions are sufficiently picritic then olivine in minor amounts may accompany 
the orthopyroxene. The orthopyroxene may in turn be joined by clinopyroxene 
at lower pressure or garnet at higher pressure. It is probable that the 
extremely undersaturated olivine melilite nephelinite magmas may only 
be derived at pressures of 22 - 27 kb from picritic parental magmas and 
that generation of these magmas requires the separation of garnet with 
the orthopyroxene. The present evidence strongly indicates that olivine 
nephelinites and olivine melilite nephelinites cannot form from anhydrous 
parent magmas by any fractionation process at depths< 140 km and that 
the magmas, at their depth of origin, are hydrous magmas. They would 
form at temperatures considerably below those at which dry mantle peridotite 
could produce appreciable quantities of magma (Green and Ringwood, 1967b). 
The frequent occurrence of nephelinites as tuffs and in breccia 
pipes is consistent with explosive eruption of water-rich magmas. The 
large, corroded brown kaersutites or ''basaltic hornblende" crystals which 
occur in some olivine nephelinites may form by partial crystallisation at 
intermediate depths of the water-rich magma. If olivine nephelinites 
crystallise at moderate depths without escape of their water content then 
hornblendite and biotite hornblendite bodies could result (Varne, 1966). 
• 
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2. Wall rock reaction in undersaturated magmas 
The minor elements K, P, Ti and trace elements U, Th, 
Ba, Sr, Rb, Zr, Hf and the rare earth group are frequently greatly enrich-
ed in the highly undersaturated nephelinities and melilite nephelinites. It 
may also be noted that the degree of fractionation within the rare earth group 
is generally greater than for other basalt magmas (Schilling and Winchester, 
1966). Because of their inability to readily substitute in the major phases 
of the mantle (olivine, pyroxenes, spinel, garnet) these elements are 
considered to be distributed in the mantle in minor phases such as phlogopite, 
apatite, Mg-ilmenite etc. (Harris, 1957; Hess, 1964; Green and Ringwood, 
1967b). 
The terms "zone refining" (Harris, 19 57) and "wall rock 
reaction" (Green and Ringwood, 1967b) have been applied to processes by 
which the above elements are selectively extracted from wall rock material 
and highly enriched in a magma during ascent and slow cooling in the mantle. 
Because of their comparatively low temperature, hydrous olivine nephelinite 
or olivine melilite nephelinite magmas would be able to melt or dissolve 
only a very small fraction of any mantle wall-rock. This fraction, it is 
considered, would be highly enriched in the "incompatible elements" (K, 
P, Sr, Rb, U, Th, rare earths etc.). The author's conclusion on the 
hydrous nature and lower temperature of olivine nephelinite and olivine 
melilite nephelinite magmas leads to the expectation that these magmas would 
show enrichment processes which are even more selective than those oper-
ating in the olivine tholeiite ~ basanite series, and which consequently 
lead to more notable fractionation between geochemically similar elements. 
3. Olivine nephelinites as partial melting products from the mantle. 
In applying the results of the wet melting experiments to partial 
melting of the mantle it is necessary to consider the mineralogy of the parent 
111. 
mantle ("pyrolite'1 under appropriate P , T conditions. The stability fl elds 
in pyrolite of olivine+ aluminous pyroxenes ~ spinel and olivine+ aluminous 
pyroxenes+ garnet assemblages have recently been described by Green 
and Ringwood (1967c) and are very relevant in discussions of partial melting 
0 0 
of the mantle. At temperatures of 1200 C - 1300 C, olivine+ aluminous 
pyroxenes~ spinel are stable to pressures of 21. 5 kb (1200°C) or 24 kb 
0 (1300 C) and olivine+ aluminous pyroxenes + garnet are stable at higher 
pressures. The compositions of olivine, orthopyroxene and garnet obtained 
near the liquidus of the olivine nephelinite are very similar in Mg/Mg + Fe 
ratio, in Al2 0 3 content and in CaO content to those phases in the pyrolite 
at similar conditions (Green and Ringwood, 1967c). The data suggest that 
hydrous olivine melilite nephelinite magma could form at temperatures of 
1150°c - 1250°c at pressures of 22. 5 - 27 kb by a small degree of partial 
melting of pyrolite leaving residual olivine, aluminous enstatite (4-6% Al20 3) 
and garnet. The components entering the liquid phase would be derived 
from accessory phases in the pyrolite, from aluminous clinopyroxene and 
to a small degree from garnet, olivine and aluminous orthopyroxene. With 
a greater degree of partial melting, increasing amounts of garnet and ortho-
pyroxene and possibly minor olivine enter the liquid, changing it to a picritic 
nephelinite composition in equilibrium with residual aluminous enstatite 
and olivine. Further melting at this depth (75 - 100 km) would yield alkaline 
and tholeiitic picrite lavas. 
Olivine nephelinite magmas may also be derived by direct 
partial melting of pyrolite under wet conditions at depths of 60 - 70 km 
(18 kb - 22. 5 kb) yielding a small proportion of liquid in equilibrium with 
residual olivine, enstatite, garnet and/ or clinopyroxene. Liquids at this 
depth would not be as olivine-rich as picritic nephelinites originating at 
greater depths and would probably contain 40% Si02 or more. 
1 
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In applying the data to natural occurrences it is suggested 
that olivine nephelinites such as those of Hawaii have formed at depths of 
around 60 km as a result of waning of the tholeiitic and alkali olivine basalt 
eruptive activity giving increased opportunity for migration and concentration 
of water and other volatile components in residual magma. As a result, the 
liquidus is lowered, allowing fractionation to proceed to the extremely 
undersaturated magma types. In continental regions, the occurrences of 
olivine nephelinites with little or no associated olivine basanite, alkali 
olivine basalt or tholeiite are interpreted as direct partial melting products 
from mantle peridotite at depths of around 80 - 100 km. The role of water 
is essential in lowering melting temperatures sufficiently to produce melting 
along the subcontinental geothermal gradient. An extension of the trend 
of volatile enrichment and silica impoverishment probably leads to low 
temperature kimberlitic magmas at depths of around 100 km. 
The present work adds a qualifying condition to a major con-
clusion of Green and Ringwood (1967 b), i. e. that "garnet would not play a 
significant role in the genesis of magmas by fractional melting at depths 
smaller than 100 km". The dry melting experiments reinforce this state-
ment.,. but the wet melting experiments indicate that the statement is valid 
for anhydrous melting only. If the mantle solidus is lowered sufficiently 
by water entering the liquid phase then garnet-liquid equilibria display a 
role in determining the composition of highly undersaturated olivine melilite 
nephelinite liquids at depths of 60 - 100 km • 
113. 
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